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@ Catalysts, method of preparing these catalysts and method 

(§) A catalyst ts prepared by combining a first compound 
consisting of a bisfcydopentadienyO metal compound having 
one of the following gene ral formulae : 1 . ( A-Cp) MX i Xj 

2. (A-Cp)MX' l X'2 

3. (A-Op|ML _ 

4. (Cp» )(CpB)KXi 
Wherein: 

M is a metal selected from the Group consisting of titanium, 
zirconium and hafnium: 

(A-Col is eitner (CpHCp'l or Cp-A*-Cp* and Co and Co" are the 
same or different suostituted or unsubstituted cyctopentaoienyi 
radicals : 

A' is a covalent bridging group: 

L is an olelm. diolefm or aryne ligand: 

Xi and X? are. independently, selected from the group 

consisnng of hydnde radicals, hydrocaroyl radicals, suo- 

stituteo-hydrocaroyl radicals, organometailoia radicals and the 

*:ke: 

x'i and X'? are (Oined and bound to the metal atom to form a 
meiaiiacyae. m which the metal atom. X - and X'j form a 
nyorocaroocvclic ring containing from aoout 3 to aoout 20 
carocn atoms: and 

3 is a suostttuent on one of the cyciooentaaienyi radicals wmcn 
s atso oounn to the metal atom 



of using said catalysts. 

With a second compound which is an ion exchange compound 
comprising a cation which will irreversible react with a ligand on 
said first component and an anion which is a single coordination 
complex compnstng a plurality of lipophilic radicals covalentty 
coordinated to ano shielding a central charge-bearing metal or 
metalloid atom, wmch anion is bulky and stable to reactions 
involving the cation of the second component. Upon combina- 
tion of the first and second components, the cation of the 
second component reacts with one of the ligands of the first 
component, thereoy generating an ion pair consisting of a 
Group IV-B metal cation with a formal coordination number of J 
and a valence ot + 4 and the aforementioned anion, which anion 
is compatible with and noncoorainating towards the metal 
cation formed from the first component. Suitable second 
components may oe represented by me following general 
formula: 

iiL'-H)*)dl(M') m *QiQ2...Q«! d - 
Wherem: 

L* is a neutral Lewis base: 
h is a hydrogen atom: 
!L'-H| is a Bronstea acid: 

M* is a metal or metalloid selected from ine Groups suotended 
Dy Groups V-B to V-A of the Penoaic Table of the Elements: ie.. 
Groups V-B. Vi-8. VH-B. VIII. I B H-8. iii-A. IV-A and V-A: 



than one. o( Qt lo On may oe a nauae raou^i - me remaincng ui 
to On being, independently, selected from the loregotng 
radicals: 

m is an integer trom I to 7: 
n is an integer trom 2 to 8: and 
n - m • d. 

Many of the catatysts thus formed are stable and tsolable and 
may be recovered and stored. The catalysts may be preformeo 
and then used to polymerize olefins, diolefins and/or acetyleni- 
catty unsaturated compounds either alone or in combination 
with each other or with other monomers or the catalysts may be 
formed in situ during polymerization by adding the seoarate 
components to the polymenzatton reaction. The catalyst will be 
formed when the two components are combined in a suitable 
solvent or diluent at a temperature within the range from about 
-10CTC to about 300°C. The catalysts thus prepared afford 
better control of polymer molecular weight and are not subject 
to equilibrium reversal. The catalysts thus produced are alsc 
less pyrophoric than the more conventional Ziegter-Natta olefin 
polymerization catalysts. Certain of the catatysts also yield 
homopotymers of a-oieftns having relatively high molecular 
weights. Certain of these catalysts also yield copolymers 
containing significantly more comonomer. many of which 
copolymers will be eiastomenc. 
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Description 

CATALYSTS. METHOD OF PREPARING THESE CATALYSTS ANO METHOD OF USING SAID CATALYSTS 

This a Continuation-ln-Part of U. S. Patent Application SeriaJ No. 008,800, filed January 30. 1987. 

5 BACKGROUND OF THE INVENTION 

This invention relates to compositions of matter which are useful as catalysts, to a method for preparing 
these catalysts, to a method of using these catalysts and to polymeric products produced with these catalysts. 
More particularly, this invention relates to catalyst compositions, to a method of preparing these catalyst 
compositions, to a method for polymerizing olefins, diolefins and/or acetylenicaily unsaturated monomers 

W wherein these catalysts are used and to homopolymer and copolymer products produced with these catalysts. 
The use of soluble Ziegler-Natta type catalysts in the polymerization of olefins is, of course, well known in the 
prior art. In general, these soluble systems comprise a Group IV-8 metal compound and a metal alky! 
cocatatyst. particularly an aluminum alkyt cocatatyst. A subgenus of these catalysts is that subgenus 
comprising a bis(cyciopentadienyl) compound of the Group IV-B metals, particularly titanium, in combination 

15 with aluminum alkyl cocatalysts. While speculation remains concerning the actual structure of the active 
catalyst species in this subgenus of soluble Ziegler-Natta type olefin polymerization catalysts, it would appear 
generally accepted that the active catalyst species is a cation or a decomposition product thereof which will 
alkylate an olefin in the presence of a labile stabilizing anion. This theory may have first been advocated by 
Breslow and Newburg, and Long and Breslow, as indicated in their respective articles appearing in J. Am. 

20 Chem. Soc.. 1959, Vol. 81 , pp. 81-86, and J. Am. Chem. Soc 1960, Vol. 82, pp. 1953-1957. As indicated in these 
articles, various studies suggested that the active catalyst species is a titanium-aikyi complex or a species 
derived therefrom when a titanium compound; viz., bis(cyciopentadienyl)titanium dihalide, and an aluminum 
alkyl are used as a catalyst or catalyst precursor. The presence of ions, all being in equilibrium, when a titanium 
compound is used was also suggested by Dyachkovskii, Vysokomol. Soyed., 1965, Vol. 7, pp. 1 14-1 15 and by 

25 Dyachkovskii, Shilova and Shilov. J. Polym.ScL, Part C. 1967, pp. 2333-2339. That the active catalyst species is 
a cation complex when a titanium compound is used, was further suggested by Eisch et ai., J. Am. Chem. Soc., 
1985, Vol. 107, pp. 7219-7221. 

While the foregoing articles teach or suggest that the active catalyst species is an ion pair and, particularly 
an ion pair wherein the Group IV-8 metal component is present as a cation or a decomposition product 

30 thereof, and while these references teach or suggest coordination chemistry to form such active catalyst 
species, all of the articles teach the use of a cocatatyst comprising a Lewis acid either to form or to stabilize the 
active ionic catalyst species. The active catalysts is, apparently, formed through a Lewis acid-Lewis base 
reaction of two neutral components (the metaWocene and the aluminum alkyl). leading to an equilibrium 
between a neutral, apparently inactive, adduct and an ion pair, presumably the active catalyst. As a result of 

35 this equilibrium, there is a competition for the anion which must be present to stabilize the active cation 
catalyst species. This equilibrium is. of course, reversible and such reversal will deactivate the catalyst. 
Moreover, the catalyst systems heretofore contemplated are subject to poisoning by the presence of basic 
impurities in the system. Further, many, if not ail. of the Lewis acids heretofore contemplated for use in soluble 
Ziegler-Natta type catalyst systems are chain transfer agents and, as a result, prevent effective control of the 

40 product polymer molecular weight and molecular weight distribution. Still further, the catalyst systems 
heretofore proposeo do not generally facilitate incorporation of a significant amount of a plurality of different 
monomers or random distribution of such monomers when used in copolymerization processes, particularly 
a-olefin copotymenzation processes. Still even further, most if not all. of the metal alkyl cocatalysts heretofore 
contemplated are highly pyrophoric and, as a result, hazardous to use. 

45 The aforementioned catalyst systems are not highly active, nor or they generally active when zirconium or 
hafnium is the Group IV-B metal used. Recently, however, it has been found that active Ziegler-Natta type 
catalysts can be formed when bis(cyclopentadienyl) compounds of the Group IV-B metals, including zirconium 
and hafnium, are used with alumoxanes. As is well known, these systems particularly those compnsing 
zirconium, offer several distinct advantages, including vastly higher activities that the aforementioned 

50 bis(cyclopentadienyl)titanium catalysts and the production of polymers with narrower molecular weight 
distributions than those from conventional Ziegler-Natta catalysts. These recently developed catalyst systems 
still yield polymeric products having relatively low molecular weight, however. Moreover, these recently 
developed catalyst systems have not affected the amount of comonomer incorporated into a copolymer or the 
relative distribution of such monomer therein. Further, these systems remain subject to poisoning when basic 

55 impurities are present and require an undesirable excess of the alumoxane to function efficiently. 

Bisfcyclopentadienyithafnium compounds used with alumoxane cocatalysts have offered few, if any. 
advantages when compared to analogous bis(cyciopentadienyi) titanium or -zirconium catalysts with respect 
to catalvsts activity, polymer molecular weights, or extent or randomness of comonomer incorporation. This 
has seen suggested by Giannetti. Nicoletti. and Mazzochi, J. Polym. Sci„ Polym. Chem. 1985. Vol. 23. 

60 pp. 2117-2133. who claimed that the ethylene polymerization rates of bis(cyclopentadienyl) hafnium 
compounas were five to ten times slower than those of similar bis(cyclopentadienyl)zirconium compounds 
while there was little difference oetween the two catalysts in the molecular weight of the polyethylene formed 
from mem. European Patent Application No. 200.351 A2 (1986) suggests that in the copolymerization of 
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ethylene ano propylene there is little difference among bis (cyclopentadienyl) titanium, -zirconium, and -hafnium 
compounds either in polymer molecular weights and molecular weight distributions or in ability to incorporate 
propylene randomly. Recently, however. Ewen et al. disclosed in J. Am. Chem. Soc. 1987, Vol. 109. 
pp. 6544-6545. that chiral hafnium metailocene compounds used with an aiumoxane cocatalyst gave isotactic 
polypropylene of higher molecular weight than that obtained from analogous chiral zirconium metallocenes. 5 

In light of the several deficiencies of the coordination catalyst systems heretofore contemplated, the need 
for an improved catalyst system which: (1) permits better control of molecular weight and molecular weight 
distribution: (2) is not subject to activation equilibrium and (3) does not involve the use of an undesirable 
cocatalyst is believed readily apparent. The need for a catalyst system which will facilitate the production of 
higher molecular weight polymeric products and facilitate incorporation of a larger amount of comonomer into w 
a copolymer and alter the relative distribution of such comonomers in such copolymers is also believed to be 
readily apparent. 

SUMMARY OF THE INVENTION 

It has now been discovered that certain of the foregoing and other disadvantages of the prior art ionic olefin is 
polymerization catalysts can be avoided, or at least reduced, with all of the ionic catalysts of the present 
invention and that all of the foregoing and other disadvantages of the prior art ionic olefin polymerization 
catalysts can be avoided, or at least reduced, with certain of the ionic catalysts of this invention and improved 
olefin, diolefin and/or acetyienicalty unsaturated monomer polymerization processes provided therewith. It Is, 
therefore, an object of this invention to provide improved Ionic catalyst systems which are useful in the 20 
polymerization of olefins, diolefins and/or acetylenicaity unsaturated monomers, it is another object of this 
invention to provide a method for preparing such improved catalysts. It Is a further object of this invention to 
provide an improved polymerization process using such improved catalysts. It is still another object of this 
invention to provide such an improved catalyst which is not subject to ion equilibrium reversal. It is still a 
further object of this invention to provide such an improved catalyst which may permit better control of the 25 
product polymer molecular weight and molecular weight distribution. It is yet another object of this invention to 
provide such an improved catalyst which may be used with less risk of fire. It is yet a further object of this 
invention to provide certain improved catalysts, particularly certain hafnium containing catalysts, which will 
yield relatively high molecular weight polymers. It is even another object of this invention to provide certain 
improved catalysts, particularly certain hafnium containing catalysts, which will yield copolymers containing 30 
relatively large amounts of a plurality of comonomers, which comonomers are distributed in a manner at least 
approaching randomness. It is even a further object of this invention to provide polymeric products produced 
with these catalysts having relatively narrow molecular weight distributions and which are free of certain metal 
impurities. It is still even another object of this invention to provide certain polymeric products, prepared with 
certain of these catalysts, having relatively high molecular weights. It is still even a further object of this 35 
invention to provide certain copolymers, prepared with certain of these catalysts, containing relatively large 
amounts of a plurality of comonomers, which comonomers are distributed in a manner at least approaching 
randomness. The foregoing and still other objects and advantages of the present invention will become 
apparent fro-rt the description set forth hereinafter and the examples included herein. 

In accordance with the present invention, the foregoing and other objects and advantages are 
accomplished with and by using a catalyst prepared by combining at least two components. The first of which 
components is a bis(cydopentadienyl) derivative of a Group IV-8 metal compound containing at least one 
figand which will combine with the second component or at least a portion thereof such as a cation ?° rtlon 
thereof. The second of which components is an ion-exchange compound comprising a cation which will 
irreversibly react with at least one ligand contained in said Group IV-8 metal compound (first component) and 
an anion which is a single coordination complex comprising a plurality of lipophilic radicals covalemiy 
coordinated to and shielding a central formally charge-bearing metal or metalloid atom, which anion is buucy, 
labile and stable to any reaction involving the cation of the second component. The charge-bearing ° r 
metalloid may be any metal or metalloid capable of forming a coordination complex which is not hydrotyzed Dy 
aqueous solutions. Upon combination of the first and second components, the cation of the secon 
component reacts with one of the ligands of the first component, thereby generating an ion pair consisting ot 
Group IV-B metal cation with a formal coordination number of 3 and a valence of +4 and the aforemen none \ 
anion, which anion is compatible with and noncoordinating towards the metal cation formed from the t 
component. The anion of the second compound must be capable of stabilizing the Group IV-B ™ et ^ c .f" 
complex without interfering with the Group IV-B metal cation's or its decomposition product's ability 
function as a catalyst and must be sufficiently labile to permit displacement by an olefin, diolefin or 
acetylenically unsaturated monomer during polymerization. For example. Bochmann and Wilson have ^j* 0 
(J. Chem. Soc. Chem. Comm.. 1986. pp. 1610-1611) that bis(cyciopentadienyl) titanium dimethyl reacts wu^ 
tetrafluorobonc acid to form bis(cyclopentadieny1)titanium methyl tetrafluoroborate. The anion is. howev 
insufficiently labite to be displaced by ethylene. 

DETAILED DESCRIPTION OF THE INVENTION 

As indicated supra, the present invention relates to catalysts, to a method for preparing such catalys s. 
method for using such catalysts and to porymenc products produced with such catalysts. The catalys s 
particularly useful for polymerizing a-oiefins. diolefins and acetylenically unsaturated monomers either ao 
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or in combination with other a-olefins. dioiefins and/or other unsaturated monomers. The Improved catalysts 
are prepared by combining at least one first compound which is a bis(cyciopentadienyi) derivative of a metal of 
Group tV-8 of the Periodic Table of the Elements containing at least one Ugand which will combine with the 
cation of the second compound which first compound is capable of forming a cation formally having a 

5 coordination number of 3 and a valence of +4 and at least one second compound which is a salt compnsing a 
cation capable of donating a proton which will irreversibly combine with said at least one Ugand (substituent) 
liberated by said Group IV-B metal compound and an anion which is a single coordination complex comprising 
a charge-bearing metal or metalloid core, which anion is both bulky and labile, compatible with and 
noncoordinating toward the Group IV-8 metal cation formed from the first component, and capable of 

W stabilizing the Group IV-B metal cation without interfering with said Group IV-B metal cation's or its 
decomposition product's ability to polymerize a-olefins, dioteftns and/or acetylenicaily unsaturated 

"^Aflreference to the Periodic Table of the Bements herein shall refer to the Periodic Table of the Bements, 
published and copyrighted by CRC Press, Inc., 1984. Also, any reference to a Group or Groups shall be to the 

15 Group or Groups as reflected in this Periodic Table of the Bements. 

As used herein, the recitation 'compatible noncoordinating anion" means an anion which either does not 
coordinate to said cation or which is only weakly coordinated to said cation thereby remaining sufficiently labile 
to be displaced by a neutral Lewis base. The recitation •compatible noncoordinating anion' specifically refers 
to an anion which when functioning as a stabilizing anion in the catalyst system of this invention does not 

20 transfer an anionic substituent or fragment thereof to said cation thereby forming a neutral four coordinate 
metailocene and a neutral metal or metalloid byproduct Compatible anions are anions which are not degraded 
to neutrality when the initially formed complex decomposes. The recitation 'metalloid, as used herein, includes 
non-metals such as boron, phosphorus and the like which exhibit semi-metallic characteristics. 
The Group IV-B metal compounds; i.e., titanium, zirconium and hafnium compounds, useful as first 

25 compounds in the preparation of the improved catalyst of this invention are bis(cydopentadienyl) derivatives 
of titanium, zirconium and hafnium. In general, useful titanium, zirconium and hafnium compounds may be 
represented bv th e follo wing general formulae: 1. (A-Cp)MXiX2 

2. (A-Cp)MJC« 1 X«2 

3. (A-CpJML^ 

30 4.(Cp")(CpR)MX 1 

(^pHs either <Cp)(Cp*) or Cp-A'-Cp- and Cp and Cp' are the same or different substituted or 
unsubstituted cydopentadienyl radicals wherein A' is a covalent bridging group contain.ng a Group (V-A 

element; . . 

35 M Is a metal selected from the Group consisting of titanium, zirconium and hafnium; 

U is an olefin, diolefin or aryne ligand; t ^H^ie 

Xt and X 2 are, independently, selected from the group consisting of hydride radicals, hydrocarbyl radicals 
having from 1 to about 20 carbon atoms, substituted-hydrocarbyl radicals, wherein one or more ot me 
hydrogen atoms are replaced with a halogen atom, having from 1 to about 20 carbon atoms, organometolio.0 

40 radicals comprising a Group IV-A element wherein each of the hydrocarbyl substitutions cont f"^ h ^ e e 
organic portion of said organometalloid, independently, contain from 1 to about 20 carbon atoms ana m w» u 
X't and X' a are joined and bound to the metal atom to form a metallacycie. in which the metal atom, a i ana a 2 
form a hydrocarbocyclic ring containing from about 3 to about 20 carbon atoms; and 
R is a substituent. preferably a hydrocarbyl substituent, on one of the cydopentadienyl radicals which is aiso 

45 bound to the metal atom. w-*:*..faHun*hthe 
Each carbon atom in the cydopentadienyl radical may be. independently, unsubstituted or "f**"**""^ 
same or a different radical selected from the group consisting of hydrocarbyl radicals. «* rttu J2^SSS 
radicals wherein one or more hydrogen atoms is replaced by a halogen ^J*I^^S^Sm 
metalloid radicals wherein the metalloid is selected from the Group IV-A of the Periodic Table * 
and halogen radicals. Suitable hydrocarbyl and substituted-hydrocarbyl radicals, which may be ^"^wuieo rre 
at least one hydrogen atom in the cydopentadienyl radical, will contain from 1 to about ^J^™ 
indude straight and branched alkyl radicals, cyclic hydrocarbon radicals, alkyl-substituted cydic hydrocaroon 
radicals, aromatic radicals and alkyl-substituted aromatic radicals. Similarly, and when X, 
hydrocarbyl or substituted-hydrocarbyl radical, each may. independently, contain from 1 to about , <w «u r 
atoms and be a straight or branched alkyl radical, a cyclic ^^J^.^^^SSm 
cyclohydrocarbyl radical, an aromatic radical or an alkyl-substituted aromatic radical. Suitable 
radicals include mono-, di- and trisubstituted organometalloid radicals of Group IV-A elements wherein eacn 
the hydrocarbyl grouos contain from 1 to about 20 carbon atoms. More particularly, suitable 0^°™'™ 
radicals include trimethytsilyl. triethylsilyl. ethyldimethylsilyl. methyldiethylsilyl. triphenylgermyl. tr.metnyigermv. 
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$0 and the like. . . ho „ S ed in 

Illustrative, but not limiting examples of bislcyclopentadienyllzirconium compounds which ™yoeu"B 
the preparation of the improved catalyst of this invention are dihydrocarbyl-substituted bisjcyc °P« n '» a '* 
nyDzirconium compounds such as bis(cyclopentadienyi|zirconium dimethyl. bis(cyclopentadieny (zirconium 
diethyl, bislcyclopentadienyllzirconium dipropyl. bis<cyclopentadienyl)zirconium oibutyl. b,s(cvclo n p *" , 1 ! °, 
65 nydzirconmm d.phenvi. bislcyclopentadienyllzirconium omeopentyl. bislcyclopentadienyllzirconium aum 
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Ml bis(cyclopentadienyi)zirconium di(p-tolyl) and the like: (monohydrocarbyl-substituied cyciopentadie- 
nvlizirconium compounds such as (methyfcydopentadienyl) (cydopentadienyl) and bis<methylcydopentadie- 
nvtlzirconium dimethyl. (etnytcydopentadienyt((cyclopentadienyt) and bis(ethylcydopentad.enyl)zirconium 
diethyl (propylcydopentadienytKcydopentadienyl) and bis(propy(<*dopentadienyl)zircon.um d.methyl. 
[(n-butyl)cyc«opentadienyl](cyctopentadienyl) and bisjtn^utytjcyclopentedienyllarconium diniethyl. ((t-bu- 
M)cvclopentadienyl](cydopentadienyl) and bis{(t-buty1|cyctopentadienytlzirconium dimethyl, (cydohexylme- 
thylcyclopentadienyl)(cydopentadienyl) and bis(cyclohexytmetnylcydopentadienyl(zircon.uiTi dimethyl. 
(benzylcyclopentadienyl)(cyclopentadienyl) and bis(benrylcyclopentadienyl)zirconium dimethyl, (diphenylme- 
thytcyclopentadienyl)(cyclopentadienyl) and bis(diphenytmethy1cyclopentadienyl|zirconium dimethyl (methyl- 
cyclopentadienyl)(cyclopentadienyl) and bls(methylcyclopentadienyl)zlrconium dihydnde. (ethylcydopenta- 
dienyO(cyclopentadienyt) and bis(ethylcydopentadienyl)zirconium dihydnde. (propylcyclopentadienyl)(cy- 
dooentadienyl) and bls(propyteyclopentadienyi|rirconium dihydride. ((n-butyl)cyclopentadienyl](cyclopenta- 
dienyt) and bis((n-butyl)cyclopentadienyl]zirconium dihydride. ((t-butyt)cyclopentadienyll(cyclopentadienyl) 
and bisf(t-butyl)cyclopentadienyllzlreonium dihydride. (cyclohexylmetnylcyctopentadienyl)(cyclopentadienyl) 
and bis(cyclohexylmethylcyclopentadienyl)rlrconium dihydride. (benzytayctopentadienyl)(cyctopentadienyl) 
and bis(benzylcyclopentadienylJzirconium dihydride. (diphenylmethylcyclopentadienyl)(cyclopentedienyl) and 
bistdiphenylmethylcyctopentadienyDzlrconium dihydride and the tike: (polyhydrocarbyl-sub^^ 
UdienyOzirconium compounds such as (dimethytcyclopentadienyl)(cyclopentadienyl) and bis(dimethylcy- 
ctopentad5enyl)zlrconium dimethyl. (trimethylcyclopentadienyl)(cyclci3entodienyl) a^ b^tnmethylcyclopen- 
tadienyOzirconium dimethyl. (tetramethylcr^pentadienyl|(cyclopentadienyi| ^. b «< te ^"^^£" 
dienyl)zirconium dimethyl. (pemiethyl<^opentadienylMcyclopentadienyl) and b,s «P e / m ^^°^"^ 
nyl)zirconium dimethyl. (ethyltetrametnylcydopentadienylMcyclopentad«enyl ana b *lfW*^WV/- 
ctopentadienyljrirconium dimethyl. (indenyD(cydopentadienyl) and bis(.ndeftf )ztrcomum dor 
c^opentadienyl)(cydopentadienyl) and bis(dimethylcyclope n tadienyl)zirconiuni ' d.hydnde tnme hylcy- 
dopentadienyt)(cydopentadienyl) and bis(trimethylcyclopentadienyl)zircon.um d'hydnde (tetrame hylcy- 
clopentadienylKcydopentadienyl) and bis(tetramethylcyclopentadienyl)zirconium d'hydnde ; (P^^cy- 
dopentadienyl)(cyclopentadienyl) and bis(permethylcyclopentadienyl)zircon.um dihydnde. (^tettame hyl- 
cydopentadienyl)(cyclopentadienyl) and bis(ethyltetramethylcyclopentad.enyl) Z ircon.um W" de - i de " 
n^Kc^clopentaSienyl, and bis(indenyl)zirconium dihydride and the like: (metal 
cyclopentadienyllzirconium compounds such as (trimethylsiMcyciopentad.enylJlcyclopen adienyl) and^ 
methylsilylcyclopentadienyljzirconium dimethyl, (trimethylgennyhqrclopentad^ 
bisUnme^gerr^dopentadien^ 

and bis(trimethyl stannylcyclopentadienyl)zirconium dimethyl, (trimethylplumbyl ^^^^SSSSmc^ 
tadieny. and Ws(trimrth1rrp'umby.cyc.o P entadieny.)zirconium d ™*W. <tnm e thy^ x 
clopentadieny.) and bis(trimethylsiMcyc.o P entadienyl)zirconium dihydnde. ^T^S^SS^- 
nyl)(cyc.o P entadienyl) and bis(trimethylgefm y icyclopentadienyl)(z.rcon.um dihydnde (tnm »*»^2S- 
ciopentadienyl)(cyclopentadienyl) and bis(trimethy.stannylcyclo P entad.enyl)z ire on,um dih^nde^ 
P . U mbycyc.opentIdienyl,(c y clopentadien y .) and **<W™*V«^^ 

and the like: (halogen-substituted cydopentadienyDzirconium compounds such as ^ x °XoS^(- 
tadienyl)(cydopentadienyl> and bis(trifluoromethyl cydopentadienyDz^con.um ^^J^"^^- 
clopen\adien y .)(cydopentadienyl) and bls(trmuoromethylcydopentadienyl>z^con.um JgJJ^J*^ 
substituted (cydopentadienyDzirconium compounds such as W^**™^*?^^- 
methylsiM). bis(cydopentadienyl)zir C onium di(phenyWimethylsiM, and 

nyDzirconium compounds such as methylene bisJcyclopentadienyHarconium *™W^« n «£ SEpKa- 
tadienyHzirconium dimethyl, dimethylsityl bis(cyclopentadienyl>zirconium dimemyl methylene bis^ope 
dienyl)zifconium dihydride and dimethylsityl bis<cyclopentadienyt>zircon«im 'W^e^**^ ™ 
dopintadienyl)zirconacydes such as bis<pentamethy.cydopentad.enyl>^^ 
cydopentadienyl)zirconacyclopentane. bis(cydopentadienyl)zircona.ndane and ""j^^jj^iuu. 
aryne ligand substituted bis(cydopentadienyl)zirconium compounds such as b *^W**«W£^ so 
dienelzirconium. bis(cyclopentadienyl)(2.3Klimethylo.3-butadiene|zircon.um. WP^^g^ com . 
nyl)(benzyne)zirconium and the like: (hydrocarbyl)<hydride)subst.tuted b «(<=y d oP en ; a ^^^ openta . 
pounds such as bis(pentamethylcyclopentadienyl)zirconium (phenyll(hydnde). b,s <P en ^f i t n X^^ ich a 
dienyllzirconium (methyl) (hydride) and the like: and bis(cyclopentadienyl)zircon.urr, 'compounds )(te _ 
substituent on the cyclopentadieny. radical is bound to the metal such as ^ n ^^ °^Sen- 
tramethylcyclopentadienylmethylenelzirconium hydride. (pentamethylcyclopentad.enyl)(tetrametnyicy 

tadienylmethylene)zirconium phenyl and the like. J ,, i , a „h.m compounds 

A similar list of illustrative bi S (cyclo P entadienyl)hafnium and bis(cyclopentadienyl)t.tan.urn comp ^ 
could be made, but since the lists would be nearly identical to that already presented win " * ^ 
bis(cyclopentadienyl)zirconium compounds, such lists are not deemed essential to a co" 1 ^ , n _ 
Those skilled in the art. however, are aware that bis<cyclopentadienyl)hafnium compounds ana °';J7_ ounds 
tadienyllt.tan.um compounds corresponding to certain ol the b.s(<^clopentadienyl)zircon.um cornp 
listed supra are not known. The lists would, therefore, be reduced by these compouno _s ^ 
bis(cyclopentadienyl)hafnium compounds and other b.s(cyclopentadienyl)t.tan.um compounds a ^ 
other bislcyclopentadienyllzirconium compounds which are useful in the catalyst compos.x.o 
invention will, ol course, be apparent to those skilled in the art. 
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Compounds useful as a second component in the preparation of the catalyst of this invention will comprise a 
cation, which is a Bronsted acid capable of donating a proton, and a compatible noncoordinating anion 
containing a single coordination complex comprising a charge-bearing metal or metalloid core, which anion is 
relatively large (bulky), capable of stabilizing the active catalyst species (the Group IV-B cation) which is 

5 formed when the two compounds are combined ana said anion will be sufficiently labile to be displaced by 
olefinic. diolefinic and actytenically unsaturated substrates or other neutral Lewis bases such as ethers, nitriles 
and the like. As indicated supra, any metal or metalloid capable of forming a coordination complex which is 
stable in water may be used or contained in the anion of the second compound. Suitable metals, then, include, 
but are not limited to. aluminum, gold, platinum and the like. Suitable metalloids include, but are not limited to, 

10 boron, phosphorus, silicon and the like. Compounds containing anions which comprise coordination 
complexes containing a single metal or metalloid atom are, of course, well known and many, particularly such 
compounds containing a single boron atom in the anion portion, are available commercially. In light of this, 
salts containing anions comprising a coordination complex containing a single boron atom are preferred. 
In general, the second compounds useful in the preparation of the catalysts of this invention may be 

15 represented by the following general formula: 
{(L'-H*ld((M')m+Q t Q2...QnI<l- 
Wherein: 

U is a neutral Lewis base; 
H is a hydrogen atom; 
20 [L'-H] is a Bronsted acid; 

M' is a metal or metalloid selected from the Groups subtended by Groups V-B to V-A of the Periodic Table of 
the Bements; ie.. Groups V-B, Vl-B, Vll-B, VIII, l-B, Il-B, lll-A, IV-A, and V-A; 

Qt and Qo are selected, independently, from the Group consisting of hydride radicals, dialkylamido radicals, 
alkoxide and aryloxide radicals, hydrocarbyl ana substituted-hydrocarbyl radicals and organometalloid 
25 radicals and any one, but not more than one, of Q 1 to Q n may be a haiide radical - the remaining Qi to Q n being, 
independently, selected from the foregoing radicals: 
m is an integer from 1 to 7; 
n is an integer from 2 to 8; and 
n - m — d. 

30 Second compounds comprising boron which are particularly useful in the preparation of catalysts of this 
invention may be represented by the following general formula: 
[L'-Hl*{BAnAr 2 X3X4l- 
Wherein: 

L' is a neutral Lewis base: 
35 H is a hydrogen atom; 

[L'-H)+ is a Bronsted acid; 

B is boron in a valence state of 3: 

Ari and Ar2 are the same or different aromatic or suostituted-aromatic hydrocarbon radicals containing from 
about 6 to about 20 carbon atoms and may be linked to each other through a stable bridging group; and 

40 Xj and X4 are radicals selected, indepenaently. from the group consisting of hydride radicals, haiide radicals, 
with the proviso that only X3 or X 4 will be haiide at tne same time, hydrocarbyl radicals containing from 1 to 
about 20 carbon atoms, substituted- hydrocarbyl radicals, wherein one or more of the hydrogen atoms is 
replaced by a halogen atom, containing from t to about 20 carbon atoms, hydrocarbyl-substituted metal 
(organometalloid) radicals wherein each hydrocaroyl substitution contains from 1 to about 20 carbon atoms 

45 and said metal is selected from Group IV-A of the Periodic Table of the Elements and the like. 

In general. Ari and Ara may, independently, be any aromatic or substituted-aromatic hydrocarbon radical 
containing from about 6 to about 20 carbon atoms. Suitable aromatic radicals include, but are not limited to. 
phenyl, naphthyl and anthracenyl radicals. Suitable substituents on useful substituted-aromatic hydrocarbon 
radicals, include, but are not necessarily limited to. hydrocarbyl radicals, organometalloid radicals, alkoxy 

50 radicals, alkylamioo radicals, fluoro and fluorohydrocarbyl radicals and the like such as those useful as X3 or 
X4. The substituent may be ortho. meta or para, reiative to the carbon atom bonded to the boron atom. When 
either or both X3 and X 4 are a hydrocarbyl raaical, each may be the same or a different aromatic or 
substituted-aromatic radical as are Ari and Ar2, or the same may be a straight or branched alkyl. alkenyl or 
alkynyl radical having from 1 to about 20 carbon atoms, a cyclic hydrocarbon radical having from about 5 to 

55 about 8 carbon aloms or an alkyl-substituted cycuc hydrocarbon radical having from about 6 to about 20 
carbon atoms. X 3 and X 4 may also, independently, oe alkoxy or dialkylamido radicals wherein the alkyl portion 
of said alkoxy ana dialkylamido radicals contains from 1 to about 20 carbon atoms, hydrocarbyl radicals and 
organometalloid raaicals having from 1 to about 20 carbon atoms and the like. As indicated supra. Ar 1 and Ar 2 
may be linked to eacn other. Similarly, either or both of An and Ar2 could be linked to either X3 or X*. Finally. X3 

60 and X4 may also be linked to each other througn a suitable bridging group. 

Illustrative, but not limiting, examples of boron compounds which may be used as a second component in 
the preparation of the improvea catalysts of this invention are trialkyl-substituted ammonium salts such as 
triethylammomum tetra(phenyi)boron. tripropyiammonium tetra(phenyl)boron. tri(n-butyl)ammonium 
tetra(phenyl|boron. irimethylammomum tetratp-toiyliboron. trimethylammonium tetra(o-tolyl)boron. tributy- 

65 lammonium tetratoeniafluoropnenyilboron. tnprooyiammonium tetra(o.p-dimethy1phenyi)boron. tributylam- 
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monium tetraim m-oimethylphenyl)boron. tnbutylammonium tetra(p-trifluoromethylphenyi|boron. tnbutylam- 
monium tetra<pentafluorophenyl)boron. tri(n-butyt)ammonium tetra(o-tolyl)boron and the like: N.N-dialkyl 
anilinium salts such as N.N-dimethylanilinium tetra(phertyl)boron. N.N-diethylanilinium tetra(phenyt)boron. 
NN-Z4 6-pentametnylanilinium tetra(phenyl)boron and the like: dialkyl ammonium salts such as di-(i-pro- 
pyl)ammon.um tetra(pentafluorophenyl)boron. dicyclohexylammonKmi tetra(phenyl)boron and the like: and s 
triaryl phosphonium salts such as triphenylphosphonium tetra(phenyl)boron. tri(methylphenyt)phosphonium 
tetra(phenyl)boron. tri(dimethylphenyl)phosphonium tetra(phenyt)boron and the like. 

Similar lists o< suitable compounds containing other metals and metalloids which are useful as second 
components could be made, but such lists are not deemed necessary to a complete disclosure. In this regard, 
it should be noted that the foregoing list is not intended to be exhaustive and other boron compounds that w 
would be useful as well as useful compounds containing other metals or metalloids would be readily apparent, 
from the foregoing general equations, to those skilled in the art. 

In general and while most first components identified above may be combined with most second 
components identified above to produce an active olefin polymerization catalyst. « is important to continued 
polymerization operations that either the metal cation initially formed from the first component or a is 
decomposition product thereof be a relatively stable catalyst. It is also important that the anion of the second 
compound be stable to hydrolysis when an ammonium salt is used. Further, it is important that the acidity of 
the second component be sufficient, relative to the first, to facilitate the needed proton tfai^er.^nversely. 
the basicity of the metal complex must also be sufficient to facilitate the needed proton transfer. Certain 
metallocene compounds - using bis(pentamethylcyclopentadienyl)hafnium dimethyl as an illustrative but not 20 
limiting example - are resistant to reaction with all but the strongest Bronsted acids and thus are not suitable 
as first components to form the catafysts of this invention. In general. bis(cydopentadienyl)metal compounds 
which can be hydrolyzed by aqueous solutions can be considered suitabie as first components to form the 
catalysts described herein. . , 

With respect to the combination of first (metalcontaining) component to second component to form a 25 
catalyst of this invention, it should be noted that the two compounds combined for preparation of the active 
catalyst must be selected so as to avoid transfer of a fragment of the anion, particularly an aryl 9 rou Pj° ™ 
me tal cation, thereby forming a catalyticaily inactive species. This could be done by stenc ^ ,ndra "~;/«""'^ 
from substitutions on the cyclopentadienyl carbon atoms as well as substitutions on tne "o™ 1 *^ 0 " 
atoms of the anion. It follows, then, that metal compounds (first components) comprising P e * vdr< ^j;^ a b * 
stituted cyclooentadienyl radicals could be effectively used with a broader range of second compounds ^tnan 
could metal compounds (first components) comprising unsubstituted cyclopentadienyl radicals as _tne 
amount and size of the substitutions on the cyclopentadienyl radicals are reduced. ho ™™-™™n£tion 
catalysts are obtained with second compounds containing anions which are more resistant to 
such as those with substituents on the ortho positions of the phenyl rings. Another means of rMHmg I tne 
anion more resistant to degradation is afforded by fluorine substitution, especially P ertu0 ™-f a f^'°" n 
the anion. Fluoro-substituted stabilizing anions may. then, be used with a broader range of metal compounos 

<ft ta general" thfcatalyst can be prepared by combining the two components in aj f uit ^ le . ^^J/^ 
temperature within the range from about -lOTC to about 300»C. The catafyst may -be used £p*«*» 
a-olefins and/or acetytenically unsaturated monomers having from 2 to about 1 8 carbon at °™ s 
diolefins having from 4 to about 18 carbon atoms either alone or in combination. The other 
to polymerize a-olefins. diolefins and/or acetylenically unsaturated monomers in combmat °« « 
unsaturated monomers. In general, the polymerization may be accomplished at S are 

prior art. It will, of course, be appreciated that the catalyst system will form in situ rf the ~^^ d "; e onomer< 
added directly to the polymerization process and a suitable solvent or diluent, including co"dens« fl mono 
is used in said polymerization process. It is. however, preferred to form the catalyst in a •^^"^Eln 
suitable solvent prior to adding the same to the polymerization step. While the , _ ou)d be 

pyrophoric species, the catalysts- components are sensitive to both moisture and oxygen ana ^ 
handled and transferred in an inert atmosphere such as nitrogen, argon or helium. suitable 

As indicated su D ra. the improved catalyst of the present invention will, preferably, be preparea ( ^ 

solvent or diluent. Suitable solvents or diluents include any of the solvents known in the prior an ro 
solvents in the polymerization of olefins, diolefins and acetylenically unsaturated monomers. bJi»" lane 
then, include, but are not necessarily limited to. straight and branched-chain hydrocarbons sucn af)e 55 

butane, pentane. hexane. heptane, octane and the like: cyclic and alicyclic hydrocarbons sucn ascy _ ed 
cydoheptane. methylcyclohexane. methylcycloheptane and the like and aromatic anc i awy ' 
aromatic compounds such as benzene, toluene, xylene and the like. Suitable solvents also mc ^ . 
olefins which may act as monomers or comonomers including ethylene, propylene. bu,adie "f -^L^ suitable 
1-hexane. 3-methyl-l-pentene. 4-methyl-1-pentene. t.4-hexadiene. 1-octene. 1 -decene and tne uk • a 
solvents further include basic solvents not generally useful as polymerization solvents wnen 
Ziegler-Natta type polymerization catalysts are used such as chlorobenzene. ^ 

While the inventors do not wish to be bound by any particular theory, it «s believed that w " e nt 
compounds used to prepare the improved catalysts of the present invention are combined .n a su« a ° ^ 
or diluent, all or a part of the cation of the second compound (the acidic proton) combined^ wmv □ g$ 
substituents on the metal containing (first component). In the case where the first component nas - 
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corresponding to that of general formula 1 supra, a neutral compound is liberated, which neutral compound 
either remains in solution or is liberated as a gas. In this regard, it should be noted that if either Xi or X2 in the 
metal containing (first component) is a hydride, hydrogen gas may be liberated. Similarly, If either Xi or X 2 is a 
methyl radical, methane may be liberated as a gas. In the cases where the first component has a formula 

5 corresponding to those of general formulae 2. 3 or 4, one of the substituents on the metal-containing (first) 
component is protonated but. in general, no substituent is liberated from the metal. It is preferred that the 
molar ratio of first component to second component be 1 : 1 or greater. The conjugate base of the cation of the 
second compound, if one remains, will be a neutral compound which will remain in solution or complex with the 
metal cation formed, though, in general, a second compound is chosen such that any binding of the neutral 

W conjugate base to the metal cation will be weak or non-existant. Thus, as the steric bulk of this conjugate base 
increases, it will, simply, remain in solution without interfering with the active catalyst. Similarly, if the cation of 
the second compound is a trialkyl ammonium ion. this ion will liberate a hydrogen atom to form gaseous 
hydrogen, methane or the like and the conjugate base of the cation will be a tertiary amine. In like fashion, if the 
cation were a hydrocarbyl- substituted phosphonium ion containing at least one reactive proton, as is essential 

15 to the present invention, the conjugate base of the cation would be a phosphine. 

While still not wishing to be bound by any particular theory, it is also believed that as one of the metal 
containing (first component) substituents (a ligand) is liberated, the noncoordinating anion originally 
contained in the second compound used in the catalyst preparation combines with and stabilizes either the 
metal cation formed from the first component, formally having a coordination number of 3 and a + 4 valence, or 

20 a decomposition product thereof. The metal cation and noncoordinating anion will remain so combined until 
the catalyst is contacted with one or more olefins, diolefins and/or acetylenically unsaturated monomers either 
alone or in combination with one or more other monomers or another neutral Lewis base. As indicated supra, 
the anion contained in the second compound must be sufficiently labile to permit rapid displacement by an 
olefin, diolefin or an acetylenically unsaturated monomer to facilitate potymerization. 

25 The chemical reactions which occur in forming the catalysts of this invention may, when a preferred, boron 
containing compound is used as the second component, be represented by reference to the general formulae 
set forth herein as follows: 1. (A-Cp)MXiX 2 + {L'-H]+(BanAr 2 X3X4]- — 
I(A-Cp)MXil+[BAriAr 2 X3X4j- + HX 2 + L'or 
[(A-CpJMXal+fBAriAraXaX*]- + HX1 + L' 

30 Z(A-Cp)MX , l X' 2 ♦ [r. f -H]*[EAr 1 Ar2X3X 4 ]- ~ > 

[(A-Cp)M(f r Tx' 2 H)]*CBAriAT2X3X4]- «• L f or 
[<X-Cp)M(X T p:'iH)3*[BAr 1 Ar2XjX4]- * L* 

3. (A-Cp)ML + [L'-H]+[BAriAr 2 X3X4l 

U A-Co)M(L H)1 + IB An Ar g X 3 X4l - + L' 

35 4.(Cp)(R-Cp*JMXi ♦ fV-HKtBArjAr 2X3X4]- «> 

rCofH R-Cp*)M X.lMBAriAr2X 3 X4l- + L'or 
[Cp(R-Cp* )M] <r [BAriAr 2 X3X 4 ]- ♦ HX t «■ I*' 
In the foregoing reaction equations, the numbers correspond to the numbers set forth in combination with the 
general equations for useful metallocene compounds of Group IV-B metals (first components). In general the 

40 stabillity and rate of formation of the products in the foregoing reaction equations, particularly the metal cation, 
will vary depending upon the choice of the solvent, the acidity of the (L'-H]+ selected, the particular L' f the 
anion, the temperature at which the reaction is completed and the particular dicyclopentadienyi derivative of 
the metal selected. Generally, the initially formed ion-pair will be an active polymerization catalyst and will 
potymerize a-olefins. diolefins and acetylenically unsaturated monomers either alone or in combination with 

45 other monomers. In some cases, however, the initial metal cation will decompose to yield an active 
polymerization catalyst. 

As indicated supra, most first compounds identified above will combine with most second compounos 
identified above to produce an active catalyst, particularly an active polymerization catalyst. The actual active 
catalyst species is not, however, always sufficiently stable as to permit its separation and subsequent 
50 identification. Moreover, and while many of the initial metai cations formed are relatively stable, it has become 
apparent that the initially formed metal cation frequently decomposes into one or more other catalytically 
active species. 

While still not wishing to be bound by any particuiai theory, it is believed that the active catalyst species 
which have not been characterized, including active decomposition products, are of the same type as those 

55 which have been isolated and fully characterized or at least retain the essential ionic structure required for 
functioning as a catalyst. More particularly, it is believed that the active catalyst species which have not been 
isolated, including active decomposition products, are the same type as the isolated and characterized active 
catalyst species in that the these species contain a bis(cyclopentadienyl)metal center which center remains 
catiomc. unsaturated and has a metal- carbon bond which is reactive with olefins, aiolefins and acetylenically 

60 unsaturated compounds. Furthermore, it is believed that the decomposition products may react with 
hydrogen gas to enter into a common state of equilibrium involving the cationic hydride complex. 
[Cp'CpMH| + X-. 

This behavior is best exemplified in a peralkyicyciopentadienyl system wherein a tetraphenyl borate is usea 
as the second component. Fcr example, the reaction of Cp* 2 ZrMe 2 (where Cp' - CsMes) and 
65 (Bu3NH|*(B(Ph'*)l- (where Ph' •* phenyl or para-alkylphenyl with hydrogen or an alky! group in the 
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para-positionl « toluene grves (Cp- 8 ZrMe| ♦ IBtPh'M - which is unstable and decomposes by toss, of methane 
io o>e a single catalytically active product. The deep red product has been fully charactered by NMR 
spectroscopy 'and single crystal x-ray diffraction. The general structure of th.s zwittenomc catalyst of th.s type 
is shown below: 



B(Ph' ) 3 



(Cp*) 2 Zr 




to 



15 



Wherein * 

Cp* Is a peralkyl-substituted cyclopentadienyt radical wherein each of said I alkyl I substftutions may be the same 
or a different C,-C M alkyl radical, preferably the same or a different C-C alkyl rad.cal. most preferably the ^ 
same or a different Ci-C* alkyl radical: 
B is boron: 

Wis TJXJSr alkyl-substituted phenyl radical and each of the 3 Ph's may be the same or different and the 
alkyl substitutions may be C1-C14. preferably Ci-Cs. most preferably C.-C4; and x 
R Is hydrogen or an alkyl group having from 1 to about 14 carbon atoms, preferably from 1 to about 6 carbon 
atoms, most oreferably from 1 to about 4 carbon atoms. K ..i....«rf 
"Son of excess hydrogen gas to a toluene so.ution containing the above-.dent.fted P^W^b™** 
cyclopentadieny. zwitterionic catalyst causes a rapid reaction as evidenced by a color c tang. i frorn^ red to 
Sow and. in concentrated solutions, the format.on of a yellow precipitate. Removal of hydrogen ifrorr the 
system regenerates the original zwttenonic catalyst in high yield. While »«™ h ^£T£ l™27Z< 
it is believed that the reaction of hydrogen with the zwitterionic catalyst leads to the formation of 
Cp%ZrHl"[B(Ph').]-. The reversib.e nature of this reaction along with other spectroscopy evidence 
suggests that the hydride cation is in chemical equilibrium with the ™ ne ™™*J*™ S nb is(DGrmethvlcv . 

Consistent with the foregoing, stable polymerization catalysts have been P"^ ( ^^S£. 
clopentadienyllzirconium dimethyl has been reacted with tri(n-butyl)ammon.urr ^ « e,ra <P h f n ^°:°^.^ ( "*3. 
^ammonium tetra(p-to.yl)boron and tri(n-buty.)ammonium tetra<p-ethy(phertf)boro A ^stable POjJJ™ 
Son catatyst has also been prepared when bl.<ethyltetrsn»th^ 

reacted vSth trifn-butyDamrnomum tetra(p-to.yl| boron. In each of these ^J^^^SS^Z 
catalyst was prepared by adding the reactants into a suitable aromatic sofvent at a ™™ n ™ 

random about kc to about 100«C. Based on this and other information 

ctei that stab.e zwrtterionic polymerization cataiysts can also be prepared usmg b.s(p J^SuSttES or 
tadienyl)zircon.um dialkyls and dihydrides in combination w.th ammoruum salts of an unsubstituiea 
p-substituted-tetra(aryl|boron anion. from the solvent and 

in general, the stable catafyst formed by the method of this invention may *»*£«£^™J!S until 
stored for subsequent use. The less stable cataryst. however W.I.. fleneraUy^e ^"^"JJomws. 
ultimately used in the potymerization of olefins, dio.ef.ns and/or acetylentcaUly «™«J"JJJ ™ ution tor 
Alternatively, any of the catatysts prepared by the method of th.s '^^^^^S^^ 
subsequent use or used directly after preparation as a polymenzat.on ftn M " CO o ; e s r si ^, he separate „ 

supra, the cataryst may be prepared in situ during a polymenzat.on reacuon by - passng \ m* q P so 
components into the polymenzation vessel where the components will contact and react to pr 
improved catalyst of this invention. b . i0 .sm. the 

When the ratio of first compound to second compound ,s 1:1. at concentrations below 
cataryst is often not active for olefin polymerization. While the Mentors do not w,sh io be o e 
particular theory, it is believed that adventitious oxygen or moisture in the diluent or however . 55 

the catalyst. When the ratio of the first compound to the second compound is 2:1 to iu.i or 



concentrauons of the second compound can be as low as about 10- m. „„„ (!liniria a metal or a 

When first compounds containing hafnium are reacted with second ^Pounds conta n 
metalloid such as boron and a less acidic ammon.um cations - using tr.(n-buty1)ammon.urn tet raws»P 
roohon^moron as an examole - and the catalyst therefrom is used in the polymenzation process 



rophenyllboron as an exampie - and the catalyst therefrom is used .n the P^"^ f ^^„ ptak . of 
invention, mduction oenods of about 1 to about IS minutes or more w f "^"^^^Sriiwind is 
monomer oeg.ns. This phenomenon is most pronounced when the concentration of ^^SSlons of 
below about 10-«M and that of the second comoonen. .s below aoout 10 -*M higher e ^ n "™ |aWng 
catalyst so.ut.on often snow no mduct.on penod. .. can a.so be observed when first compounds contain ^g 
zirconium are used when the concentration of the second component ts abou J 0 " *f or ^"; es (orme d 65 
inventors 00 not w,sn to be bound by any part.cu.ar theory, .t is believed that the catalyst spec.es 
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decomposes in the polymerization process to form a cataiytically inactive metal-containing compound and 
regenerating either the same or different second component. This new second component activates any 
excess first component present to regenerate the active catalyst species of the present invention. While still 
not wishing to be bound by any particular theory, it is believed that increasing the concentration of the catalyst 

5 or using second components containing more acidic ammonium cations will either diminish the length of this 
induction period or eliminate it completely. 

In general, and as indicated supra, the improved catalyst of this invention will polymerize olefins, diolefins 
and/or acetylenically unsaturated monomers either alone or in combination with other olefins and/or other 
unsaturated monomers at conditions well known in the prior art for conventional Ziegler-Natta catalysis. In the 

10 polymerization process of this invention, the molecular weight appears to be a function of both catalyst 
concentration and polymerization temperature and polymerization pressure. The polymers produced with the 
catalyst of this invention, when prepared in the absence of significant mass transport effects, will, generally, 
have relatively narrow molecular weight distributions. 

Certain of the catalysts of this invention, particularly those based on hafnocenes - using the catalyst 

15 produced from the reaction of bis(cyclopentadienyt)hafnium dimethyl and the trisubstituted ammonium salt of 
tetra(pentafluorophenyl)boron as an example - when used as described herein for the polymerization and 
copotymerization of a-olefins, diolefins, and/or acetylenically unsaturated monomers, in the absence of a 
chain transfer agent can lead to the production of extremely high molecular weight polymers and copolymers 
having relatively narrow molecular weight distributions. In this regard, it should be noted that homopolymers 

20 and copolymers having molecular weights up to about 2 x 10 6 and molecular weight distributions within the 
range of about 15 to about 15 can be produced with the catalysts of this invention. The substituents on the 
cyciopentadienyl radicals, however, can exert a profound influence on polymer molecular weights. 

Catalysts of this invention containing a first component which is either a pure enantiomer or the racemic 
mixture of two enantiomers of a rigid, chiral metallocene can polymerize prochiral olegins (propylene and 

25 higher a-olefins) to isotactic polymers. Bis(cyclopentadienyi)metal compounds in which each of the 
cyciopentadienyl radicals is substituted and containing a covalent bridging group between the two 
cyciopentadienyl radicals are particularly useful for isotactic polymerizations of this type. 

A particularly surprising feature of some of the catalysts of this invention, particularly those based on 
hafnocenes in combination with a second component comprising boron, is that when the catalysts of this 

30 invention are used to copolymerize a-olefins, either alone or in combination with diolefins, the amount of 
higher molecular weight olefin or diolefin incorporated into the copolymer is significantly increased when 
compared to copolymers prepared with the more conventional Ziegler-Natta type catalysts and 
bis(cyc!opentadienyi)zirconium catalysts. The relative rates of reaction of ethylene and higher a-olefins with 
the aforementioned hafnium-based catalysts of this invention are much closer than with conventional 

as Ziegler-Natta catalysts of the Group IV-B metals. The monomer distibution in copolymers prepared with the 
catalysts of this invention, particularly with the lower a-olefins and lower diolefins. will range from near 
perfectly alternating to statistically random. 

in general, catalysts can be selected so as to produce the polymer products which will be free of certain 
trace metals generally found in polymers produced with Ziegler-Natta type catalysts such as aluminum, 

40 magnesium, chloride and the like. The polymer products produced with the catalyst of this invention should, 
then, have a broader range of applications than polymers produced with more conventional Ziegler-Natta type 
catalysts comprising a metal alkyl. such as an aluminum alkyl. 

Also unlike polymers heretofore produced with conventional Ziegler-Natta type polymerization catalysts, tne 
polymers produced with zwittenonic catalysts in the absence of hydrogen or other chain terminating rea 9*™ s * 

45 contain predominantly internal rather than terminal unsaturation. In this regard, it should be noted tna ** tn * 
terminal carbon atom in the polymer chain were numbered one. the unsaturation contained in the polymers 
produced in the process of this invention would be 2.3 rather than the more traditional 1,2. 

PREFERRED EMBODIMENT OF THE INVENTION 

SO in a preferred embodiment of the present invention, a bis(cyclopentadienyi) metal compound, saio meiai 
being selected from the Group consisting of titanium, zirconium and hafnium, said compound containing two. 
independently, substituted or unsuostituted cyciopentadienyl radicals and one or two lower alkyl substituents 
and/or one or two hydride substituents will be combined with a trisubstituted ammonium salt of either a 
substituted or unsubstftuted tetra(aromatic)boron. Each of the trisubstitutions in the ammonium cation win oe 

55 the same or a different lower alkyl or aryl radical. By lower alkyl is meant an alkyl radical containing from one to 
four carbon atoms. When the bis(cyclopentadienyl)metal compound used is a bis(perhydrocarbyl-substituieo 
cyclopentadienyl)metal compound, an unsubstituted or partially substituted tetral aromatic) boron salt may De 
used. Tri(n-butyl)ammonium tetra(phenyl|boron. tri(n -butyl) ammonium tetra(p-tolyl)boron and tn(n-butyl) am- 
monium tetra(p-ethylphenyl)boron are particularly preferred. As the number of hydrocarbyl-substitutions on 

60 the cyciopentadienyl radicals is reduced, however, substituted anions will be used in the trisubstitutea 
ammonium salts, particularly, pentafluorosubstituted anions. Tri(n-butyl) ammonium tetra(fluorophenyl) boron 
is particularly preferred. 

In a most preferred embodiment of the present invention, bis (cyciopentadienyl )zirconium dimetnyi or 
bislcyclODentadienyllhafnium dimethyl will be reacted with N.N-dimethylanilinium tetralpentafluorophe- 
65 nyuboron io produce the most preferred catalyst of the present invention. The two components will oe 
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combined at a temperature within the range from about 0°C to about 100° C. The components will be 
combined, preferably, in an aromatic hydrocarbon solvent, most preferably toluene. Nominal holding times 
within the range from about 10 seconds to about 60 minutes will be sufficient to produce both the preferred 
and most preferred catalyst of this invention. 

In a preferred embodiment, the catalyst, immediately after formation, will then be used to polymerize a lower 5 
a -olefin particularly ethylene or propylene, most preferably ethylene, at a temperature within the range from 
about 0°C to about 100°C and at a pressure within the range from about 15 to about 500 psig. In a most 
preferred embodiment of the present invention, the most preferred catalyst will be used either to 
homopolymerize ethylene or to copolymerize ethylene with a lower a-olefin having from 3 to 6 carbon atoms, 
thereby yielding a plastic or an elastomeric copolymer. In both the preferred and most preferred embodiments, 10 
the monomers will be maintained at polymerization conditions for a nominal holding time within the range from 
about 1 to about 60 minutes and the catalyst will be used at a concentration within the range from about 10- 5 
to about 10- 1 moles per liter of solvent. 

Having thus broadly described the present invention and a preferred and most preferred embodiment 
thereof, it is believed that the same will become even more apparent by reference to the following examples. It 75 
will be appreciated however, that the examples are presented solely for purposes of illustration and should not 
be construed as limiting the invention. All of the examples were completed either under an argon blanket by 
standard Schlenk techniques or under a helium blanket in a Vacuum Atmospheres HE43-2 drybox. The 
solvents used in the experiments were rigorously dried under nitrogen by standard techniques. The boron and 
metallocene reagents used in the examples were either purchased or prepared following published 20 
techniques. The zwrtterionic complexes (Examples 1. 4, 10 and 22) were characterized by solid state 13 C NMR 
spectroscopy and solution 'H NMR spectroscopy. The tetra(p-ethytpheny1)boron zwitterionic derivative 
isolated in Example 10 was further characterized by single crystal x-ray crystallography. 

EXAMPLE 1 25 

In this example, a stable, isotable polymerization catalyst was prepared by combining 0.65 g of 
tri(n-butyl)ammonium tetra(phenyi)boron with 0.50 g of bis(pentamethylcyclopentadienyl) zirconium dimethyl. 
The combination was accomplished by first suspending the tri(n-butyi)ammonium tetra(phenyl)boron in 50 ml 
of toluene and then adding the bis(pentamethyicydopentadienyi)zirconium dimethyl. The combination was 
accomplished at room temperature and contacting between the two compounds was continued for 1 hour. 30 
After 1 hour, an insoluble orange precipitate separated from solution leaving a clear mother liquor. The orange 
precipitate was isolated by filteration. washed three times with 20 ml of pentane and dried in-vacuo . 0.75 g of 
the orange precipitate was recovered. A portion of this product was analyzed and it was found to contain a 
single organometallic compound having the following general formula: 



B(C 6 H 5 ) 3 




wherein Me is a methyl radical. 45 
EXAMPLE 2 

In this example, ethylene was polymerized by adding 0.05 g of the orange precipitate recovered in Example 
to 20 ml of toluene at room temperature in a 100 ml side armed flask and then adding excess ethylene at 
atmospheric pressure while maintaining vigorous agitation. An immediate exotherm was detected and e so 
formation of polyethylene observed as the addition of ethylene continued. 



EXAMPLE 3 

In this example, ethylene was polymerized by first suspending 0.05 g of the orange precipitate P re P ar 
Example 1 to 20 ml of chtorooenzene in a 100 ml side armed flask and then adding excess etnyl * n f 
atmospheric pressure while maintaining agitation. An immediate exotherm was detected and the forma 10 
polyethylene was observed as the addition of ethylene continued. 



55 



EXAMPLE 4 f 

In this examote. an active, isolable olefin polymerization catalyst was prepared by first suspending Q-/ 9 
tri(n-butyl)ammonium tetra(p-tolyl)boron in 50 ml of toluene and then adding 0.52 g of bis(pentametnyt y- 
clopentadienyuzircomum dimethyl. The mixture was stirred at room temperature for 1 hour. After 1 hour, 
insoluble orange precipitate seoarated from solution. The orange precipitate was isolated by filtration. was 
three times wun 20 ml of pentane and dried m-vacuo . 0.55 g of the orange precipitate were recovere . 
orange precipitate was analyzed and found to contain an organometallic compound having the fo owi g o 



\ 1 



0 277 004 



structure: 



10 



IS 



B(p-tolyl) 3 
(C 5 Me 5 ) 2 Zr -^Q^ 

CH 3 

wherein Me is a methyl radical. 
EXAMPLE 5 

In this example, ethylene was polymerized at atmospheric pressure by passing ethylene into a 20 ml sample 
of crude reaction mixture from Example 4 in a 100 ml side armed flask. The ethylene was rapidly polymerized. 

20 EXAMPLE 6 

In this example, ethylene was polymerized at 40 psig by dissolving 0.02 g of the orange precipitate produced 
in Example 4 in 100 ml of toluene in a Fisher-Porter glass pressure vessel, heating the solution to 80*C and 
then passing ethylene into said solution at 40 psig for 20 minutes. 22 g of polyethylene were obtained and the 
^ average molecular weight of the polymer was 57,000. The polymer had a polydispersity of 2.5. 

EXAMPLE 7 

In this example, ethylene and acetylene were copolymerized by dissolving 0.05 g of the orange precipitate 
from Example 4 in toluene and then adding 2 ml of purified acetylene at atmospheric pressure in an NMR tube. 
An immediate color change from orange to yellow was noted. After five minutes, 5 ml of ethylene at 
30 atmospheric pressure were added to this mixture and an immediate exotherm was observed as was polymer 
formation. 

EXAMPLE 8 

In this example, an active isolable olefin polymerization catalyst was produced by first suspensing 0.56 g of 
35 tri(n-butyl)ammonium tetra(o-toryi) boron in 50 ml of toluene and then adding 0.25 g of bis(cyclopentadie- 
nyl)zirconium dimethyl. The mixture was stirred at room temperature for 1 hour. After 1 hour an insoluble 
yellow precipitate separated from an orange solution. The yellow precipitate was isolated by filtration, washed 
three times with 20 ml of pentane and dried in-vacuo . 0.26 g of the yellow precipitate were recovered. 

40 EXAMPLE 9 

In this example, excess ethylene was added at atmospheric pressure to a portion of the orange mother 
liquor from Example 6 in a 100 ml side armed flask and polyethylene formed. Ethylene was also contacted with 
a portion of the yellow precipitate, which precipitate was suspended in toluene in a 50 ml side armed flask and 
again polyethylene was formed. 

EXAMPLE 10 . 

In this example, an active, isolable olegin polymerization catalyst was produced by first suspending 1 W got 
tri(n-butyi)ammonium tetra(p-ethylphenyl)boron in 50 ml of toluene and then adding 0.76 g of bis(pentamethyi- 
cyctopentadienyOzirconium dimethyl. The mixture was stirred at room temperature for 1 hour . After 1 hour, the 
50 reaction mixture was evaporated to dryness. The crude orange solid, which was produced, was recrystallized 
from hot toluene to give 1 .0 g of orange-red crystals. A portion of this product was analyzed and confirmed to 
be an organometallic compound having the following structure: 

ss B(p-othylphenyl >3 

<C 5 Me 5 )2Z3 



60 



65 



ch 3 ch 2 
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wherein Me is a methyl radical. 

EXAMPLE 11 , 4 e 1 4n . 

In this example, ethylene was polymerized by dissolving 0. 1 0 g of the orange-red crystals from Example 10 in 
toluene and then placing the solution in a steel autoclave under nitrogen pressure. Ethylene at 100 psig was 
then introduced into the autoclave and the autoclave heated to 80°C with agitation. After 10 minutes, the 
reactor was vented to atmospheric pressure and opened. The yield of linear polyethylene was 27 g having a 
weight average molecular weight of about 52.000. 

EXAMPLE 12 

In this example, an active, isoiable olefin polymerization catalyst was prepared by first suspending 0.78 g in 
tri(n-butyl)ammonium tetra(m.m-dimethytphenyt) boron in 50 ml of toluene and then adding 0.50 g of 
bis(pentamethylcyclopentadienyl)zirconium dimethyl. The mixture was stirred at room temperature for 1 hour. 
After 1 hour, the reaction mixture was evaporated to dryness. The resulting crude red-brown solid was washed 
with 30 ml of pentane and dried in-vacuo to yield 0.56 g of a toluene soluble brown solid. Both the brown solid 
and the crude reaction mixture were dissolved in 40 ml of toluene in a 100 ml side armed flask and were 
observed to polymerize ethylene at atmospheric pressure. 

EXAMPLE 13 _ u . ATO 4 

in this example, two active, isoiable olefin polymerization catalysts were prepared by first dissolving 0.78 g ot 
tri(n-buty1)ammonium tetra(o.p-dimethylphenyl) boron in 30 ml of toluene and 15 ml of pentane. The solution 
was then cooled to -30° C and 0.50 g of bis(pentamethyfcyc(opentadienyl)zirconium dimethyl were added. The 
mixture was warmed to room temperature with agitation and held for 4 hours. A yellow precipitate was 
separated from a purple reaction mixture by filtration. The yellow precipitate was dried in-vacuo to grve 0.62 g 
of product. After separation of the yellow precipitate, the purple mother liquor was evaporated to dryness to 
give 0.32 g of a purple glassy solid. The yellow and purple products polymerized ethylene in deutero-toluene in 
NMR tubes. 

^m^fxample. an olefin polymerization catalyst was prepared by combining 0.06 g of bis(1,3-bistrimethylsi- 
lyicyctopentadienyl)zirconium dimethyl, 0.05 g of N.N-dimethytaniiinium tetra(phenyl) boron and 1 ml or 
deutero-benzene in an NMR tube and allowing the components to react. The NMR spectrum sno we« 
complete loss of starting materials after 20 minutes at room temperature. The reaction mixture was men 
divided into two portions, diluted with 20 ml toluene, and placed in 50 ml side armed flasks. Ethylene was 
added to one portion ana propylene to the other. Rapid potymenzation was observed in both cases. 

EXAMPLE 15 m n R7 n of 

tn this example, an active olefin polymerization catalyst was prepared by first suspending g or 
tri(n-butyi)ammonium tetra(p-tolyl)boron in 50 ml of toluene and then adding 0.50 g of fpentamettiy«vwo^n- 
tadienyl)(cyclopentadienyi)zirconium dimethyl. The reaction was stirred at room temperature tor u» no u 
give a blue^green homooenous solution. The reaction mixture was dried in-vacuo. washed ™ m ~ m 
pentane. and then reaissoived in 100 ml of toluene. The resulting blue-green solution was filtered tma ia gw* 
pressure vessel and stirred under 1.5 atmospheres of ethylene. An immediate exotherrn ana P°»y™ 
formation was observed upon exposure of ethylene. The yield of polyethylene was 4.5 g after io minmc . 

EXAMPLE 16 . 01 a of 

In this example, an olefin potymenzation catalyst was prepared by first susp ®"°'" 9 Q q 5 * of 
tri(n-butyl)ammonium tetra(p-ethylphenyi)boron in 5 ml of de-benzene and then ada,n jj ' afte y f ^ 
(pentamethylcyclopentadienyl)(cyclopentadieny1)zirconium dimethyl. The reaction was com £T roduc twas 
minutes. The green solution was then dried in-vacuo to give a green glassy solid. The crude green P (Q 
extracted with 20 ml of toluene. In separate experiments, the toluene extract was exposed to * wag 
propylene and to a mixture of ethylene and propylene. In each case significant polymenzation 
observed. 

EXAMPLE 17 . o 22 g of 

In this example, an acnve olefin polymerization catalyst was prepared by first susp ®" " 9 Q 10 g Q f 
tn(n-butyl|ammonium teiraipentaMuoroonenyDboron in 50 ml of toluene and then adding . tum 
bis(pentameihylcyciopeniaaienyl)zirconium dimethyl. The reaction vessel was capped with a ru ° was 
and stirred at room temperature. Alter 10 minutes the reaction m.xture (now yellow and homoge " was 
pressurized wtth 1 5 atmosoneres of ethylene and stirred vigorously. Rapid polymerization of e | im ^ e0 « C) 
observed causing a sigmiicant increase in the reaction temperature (from room temperature to at ( 
during the first 5 minutes ol polymerization. After 15 minutes, the reaction vessel was vented ana 
was added to kill the stm active catalyst. The yield of linear polyethylene was 3.7 g. 
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EXAMPLE 18 

In this example, an active olefin polymerization catalyst was prepared by suspending 0.34 g of 
tri<n-toutyl)ammonium tetra(pentafluorophenyt) boron in 50 ml of toluene and then adding 0.13 g of 
(pentamethylcyclopentadienyl) (cyclopentadienyl)zirconium dimethyl. The reaction vessel was capped with a 
rubber septum and stirred at room temperature. After 10 minutes the reaction mixture (a yellow solution above 
an insoluble orange oil) was pressurized with 1.5 atmospheres of ethylene and stirred vigorously. Rapid 
polymerization of ethylene was observed causing a significant increase in the reaction temperature (from room 
temperature to at least 80° C) during the first minute of polymerization. After 10 minutes, the reaction vessel 
was vented and methanol was added to kill the still active catalyst. The yield of linear polyethylene was 3.7 g. 



EXAMPLE 19 

In this example, an active olefin polymerization catalyst was prepared by combining 0.18 g of 
tri(n-butyl)ammonium tetra(pentaftuorophenyl) boron in 50 ml of toluene and then adding 0.12 g of 
bis(1,34)is(trimethylsilyl)<^opentadienyl]zirconium dimethyl. The reaction vessel was capped with a rubber 
15 septum and stirred at room temperature. After 10 minutes the reaction mixture (a yellow solution above an 
insoluble yellow oil) was pressurized with 1.5 atmospheres of ethylene and stirred vigorously. Rapid 
polymerization of ethylene was observed causing a significant increase in the reaction temperature (from room 
temperature to at least 80° C) during the first minutes of polymerization. After 10 minutes the reaction vessel 
was vented and methanol was added to kill the still active catalyst The yield of linear polyethylene was 2.1 g. 

20 

EXAMPLE 20 

In this example, an active olefin polymerization catalyst was prepared by suspending 0.34 g of 
tri(n-butyl)ammonium tetra(pentafluorophenyl)boron in 50 ml of toluene and then adding 0.10 g of 
bis(cydopentadienyl)zircorwum dimethyl. The reaction vessel was capped with a rubber septum and stirred at 
25 room temperature. After 10 minutes the reaction mixture (a yellow solution above an insoluble orange oil) was 
pressurized with 1.5 atmospheres of ethylene and stirred vigorously. Rapid polymerization of ethylene was 
observed causing a significant increase in the reaction temperature (from room temperature to at least 80° C) 
during the first minutes of polymerization. After 10 minutes the reaction vessel was vented and methanol was 
added to deactivate the still active catalyst. The yield of linear polyethylene was 3.7 g. 

30 

EXAMPLE 21 

In this example, an active olefin polymerization catalyst was prepared by combining 0.12 g of 
tri(n-butyl)ammonium tetra(pentafluorophenyl) boron and 0.04 g of bis(cyclopentadienyl)zirconium dimethyl in 
100 ml of toluene in a 250 ml flask. The flask was capped with a rubber septum and stirred at 60° C for 3 
35 minutes. Ethylene at 1.5 atmospheres and 3 ml of 1-hexane were then added to the flask. After 20 minutes, the 
flask was vented and methanol was added to deactivate the still active catalyst. The white polymeric product 
was collected by filteration and dried in-vacuo to yield 8.0 g of a hexene-ethylene copolymer. The melting point 
of the copolymer was 125°C. 

40 EXAMPLE 22 

In this example, an active, isolable olefin polymerization catalyst was prepared by first suspending 1.30 g ot 
tri(n-butyt)ammonium tetra(p-tolyl)boron in 50 ml of toluene and then adding 1,00 g of bis(ethyttetramethy1cy- 
dopentadienyOzirconium dimethyl. The mixture was stirred at room temperature for 1 hour. After 1 hour, an 
insoluble orange precipitate separated from solution. The orange precipitate was isolated by filteration, 
45 washed three times with 20 ml of pentane and dried in-vacuo . 0.55 g of the orange precipitate were recovered. 
The orange precipitate was analyzed and found to contain an organometallic compound having the following 
structure: 



so B(p-tolyl) 3 
+ 

(C 5 EtMe 4 ) 2 2r 




55 



60 wherein Et is an ethyl radical and Me is a methyl radical. 
EXAMPLE 23 

In this example. 0.05 g of the orange precipitate produced in Example 22 was dissolved in ^ mi o 
deutero-toiuene and placed in a 5 mm NMR tube ana capped with a rubber septum. Ethylene (2 ml at 1 atm) 
G5 was added via syringe and immediately polymerized. 
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EXAMPLE 24 

In this example, ethylene and 1-butene were copotymerized in a hexane diluent by adding under a nitrogen 
atmosphere to a 1 L stainless-steel autoclave, previously flushed with nitrogen and containing 400 ml of dry 
oxygen-free hexane, 40 ml of a toluene solution containing 4 mg of bis(cyclopentadieny1>ztrconium dimethyl 
and 12 mg of tri(n-butyl)ammonium tetrakis(pentafluorophenyl)boron. 1-butene (200 ml) was added to the 
autoclave which was further pressurized with 65 psig of ethylene. The autoclave was stirred and heated for 7 
minutes at 60° . The reactor was vented and cooled and the contents dried. The yield of copolymer isolated was 
9.2 g. The weight-average molecular weight of the polymer was 108,000 and the molecular weight distribution 
was 1.97. A compositional distribution analysis indicated a breadth index of 88<Vo. 



In this exa mple, a stirred 100 ml steel autoclave reaction vessel which was equipped to Perform 
Ziegler-Natta polymerization reactions at pressures up to 2500 bar and temperatures up to 300 ^ wed. m 
temperature of the cleaned reactor containing ethylene at low pressure was equilibrated at the ^es.rea 
reaction temperature of 160°. The catalyst solution was prepared by dissolving 259 mg of a ^™c 
catalyst (prepared from bis (ethyltetramethylcyclopentadienyi) zirconium dimethyl and tn(n-bu^)ammon um 
letratp-ethylphenvDboron in 10.0 ml of distilled toluene under nitrogen. A 0.4 ml portion of this catalyst solution 
was transferred by low-pressure nitrogen into a constant-volume injection tube, which was new «j» • 

. .... < <enn TKin p a «i»t/\r rnntpntfi were stirrea a 
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EXAMPLE 25 _ ^ 

In this example, ethylene and 1-butene was coporymerized in a hexane diluent by adding under a nitrogen 
atmosphere to a 1 L stainless-steel autoclave, previously flushed with nitrogen and containing 400 ml of dry. 
oxygen-free hexane, 40 ml of a toluene solution containing 4 mg of bis(cyciopentadienyl) zirconium dimethyl 15 
and 12 mg of tri(n-butyl)ammonium tetrakis(pentafluorophenyf)boron. 1-butene (200 ml) was added to the 
autoclave, which was further pressurized with 65 psig of ethylene. The autoclave was stirred and heated at 
50*C for 10 minutes. The autoclave was vented and cooled and the contents dried. The yield of copolymer 
isolated was 7.1 g. The weight-average molecular weight of the polymer was 92,000 with a molecular weight 
distribution of 1.88. Analysis by NMR spectroscopy indicated a reactivity ratio (nr 2 ) of 0.145. 20 

EXAMPLE 26 ^ 

In this example, ethylene and 1-butene were copolymerized in a hexane diluent by adding under a nitrogen 
atmosphere to a 1 L stainless-steel autoclave, previously flushed with nitrogen and containing 400 ml of dry, 
oxygen-free hexane, 25 ml of a toluene solution containing 9 mg of bis((t^utyl)cyclopentadienyi]zircon.um 
dimethyl and 2.9 mg of N.Nndimethylanilinium tetrakis(pentafluorophenyl) boron. 1-butene (100 ml) was added 
to the autoclave, which was further pressurized with 65 psig of ethylene. The autoclave was stirred and heated 
at 50° for 1 hour. The autoclave was vented and cooled and the contents dried. The yield of copolymer isolated 
was 27.2 g. The weight-average molecular weight of the polymer was 23,000 with a molecular weight 
distribution of 1.8. Analysis of the composition distribution indicated a median comonomer content of 6.3 JO 
mole% and a breadth index of 81<Vo. 
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was transierrea oy low-pressure nitrogen miu a wnaiom ^.-»..». « ~t.rroH at 

Ethylene was pressured into the autoclave at a total pressure of 1500 bar. The reactor contents were stirred at 
1000 rpm for 1 minute at which time the catalyst solution was rapidly injected into the stirnng reactor _ wun 
excess pressure. The temperature and pressure changes were recorded continuously for seconas ai 
which time the contents were rapidly vented, yielding the polymer. The reactor was r«^^£2Swas 45 
collect any polymer remaining inside and all polymer was dried in-vacuo. The yield of P°fV?^^~^ ™ s 
0.56 g. This polymer had a weight-average molecular weight of 21.900. a molecular weight distnbut.on of iu.o 
and a density of 0.965 g/ml. 

EXAMPLE 28 ctainless-steel 50 

In this examole. ethylene was polymerized by adding under a nitrogen atmosphere to a l l sia 
autoclave, previously purged with nitrogen and containing 400 ml of dry. oxygen-free hexane, first a s ^ 
15 mg of bis(cyciopentadienyl)hafnium dimethyl in 30 ml of toluene, then, after 5 minutes a to ue 
(50 mil containing 12 mg of bis(cyciopentadienyl)hafnium dimethyl and 30 mg of tn(n-D uiy i ^ ^ o 
tetrakisfperfluorophenvDboron. The autoclave was pressured with 90 psig of ethylene and si ^ ^ 

After 1 hour, the autoclave was vented and opened. The yield of linear polyethylene isolated was / _ y- 
material had a weight-average molecular weight of 1 .100.000 and a molecular weight distribution or 

EXAMPLE 29 nripr a nitrogen 

In this example, ethylene and propylene were copolymenzed in a hexane diluent by adding unae * ^ 

atmosonere to a 1 L stainless-steel autoclave prev.ously flushed with nitrogen and containing 4W m J- 
oxygen-free hexane. first a solution of 15 mg o.s(cyclopentadienyl)hafnium dimethyl in 25 ml of toiue . ^ 
for 5 m.nutes. tr.en 50 ml of a toluene solution containing 17 mg ois(cyclopentadienyl)hafn.um dir ™ny 
mg of trMn.Outvilammon.um tetrak.slpentafluorophenyOboron. Propylene (200 ml) was added to me au ^ 
which was further pressured with an additional 50 psig of ethylene. The autoclave was stirred aI °V fl 65 
minutes. The reactor was vented and opened and the residual hexane in the contents evaporaieo 
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stream of air. The yield of copolymer isolated was 61 .0 g. This copolymer, which was 35.1 wtOto ethylene, had a 
weight-average molecular weight of 103,000 and a molecular weight distribution of 2.3. Analysts by 13 C NMR 
spectroscopy indicated a statistically random copolymer. 

5 EXAMPLE 30 

In this example, ethylene and propylene were copolymerized in bulk propylene by adding under a nitrogen 
atmosphere to a 1 L stainless-steel autoclave preeviously flushed with nitrogen 50 ml of a toluene solution 
containing 36 mg of bis (cyciopentadienyt) hafnium dimethyl and 1 1 mg of N.N-dimethylanilinium tetrakis(penta- 
fluorophenyt)boron. Propylene (400 ml) was added to the autoclave, which was further pressurized with 120 
10 psig of ethylene. After stirring for 1 5 minutes at 50° , the reactor was vented and opened and the contents dried 
under a stream of air. The yield of copolymer isolated was 52.6 g. The copolymer, which was 38.1 wrtto 
ethylene, had a weight-average molecular. weight of 603.000 and a molecular weight distribution of 1 .93. 

EXAMPLE 31 

15 In this example, ethylene and 1-butene were copolymerized in a hexane diluent by adding under a nitrogen 
atmosphere to a 1 L stainless-steel autoclave, previously flushed with nitrogen and containing 400 ml of dry, 
oxygen-free hexane. first a 30 ml of a toluene solution containing 15 mg of bis(cycfopentadienyl hafnium 
dimethyl, then after stirring for 5 minutes, 30 ml of a toluene solution containing 12 mg of 
bis(cydopentadienyl)hafnium dimethyl and 30 mg of tri(n-butyl)ammonium tetraWs(pentafluorophe- 

20 nyl)boron. 1-butene (50 ml) was added to the autoclave, which was further pressurized with 65 psig of 
ethylene. The autoclave was stirred and heated to 50° for 1 hour. The reactor was vented and opened and the 
contents dried in a vacuum oven. The yield of copolymer isolated was 78.7 g. This copolymer, which was 62.6 
wt<Vb ethylene, had a weight-average molecular weight of 105,000 and a molecular weight distribution of 4.94. 
Analysis by ,3 C NMR spectroscopy indicated a reactivity ratio (rir2) of 0.153. 
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EXAMPLE 32 



In this example, ethylene, propylene, and 1-butene were copolymerized in a hexane diluent by adding under 
a nitrogen atmosphere to a 1 L stainless-steel reactor, previously flushed with nitrogen and containing 400 mi 
of dry, oxygen-free hexane, 50 ml of a toluene solution containing 19 mg of bis(cyclopentadienyl)hafnium 

30 dimethyl and 15 mg of tri(n-butyl)ammonium tetrakis(pentafluorophenyi)boron. 1-butene (50 ml) and 
propylene (25 mi) were added to the autoclave, which was further pressurized with 60 psig of ethylene. The 
autoclave was stirred at 50° for 45 minutes, then cooled and vented. The contents were dried under a stream 
of air. The yield of isolated terpolymer was 17.9 g. The weight-average molecular weight of the polymer was 
188,000 and the molecular weight distribution was 1.89. Analysis by 13 C NMR spectroscopy Indicated that the 

35 polymer contained 62.9 mole<Vo ethylene, 25.8 mole<Vo propylene, and 11.3 mole°/o butene. 

EXAMPLE 33 

In this example, ethylene, propylene, and 1,4-hexadiene were copolymerized in a hexane diluent by adding 
under a nitrogen atmosphere to a 1 L stainless-steel autoclave, previously flushed with nitrogen and containing 

40 400 ml of dry. oxygen-free hexane, first 100 ml of freshly-distilled 1,4-hexadiene, then 50 ml of a catalyst 
solution containing 72 mg of bis(cyclopentadienyl) hafnium dimethyl and 16 mg N.N-dimethylanilinium 
tetrakisfperftuorophenyOboron. Propylene (50 ml) was added to the autoclave, which was further pressurized 
with 90 psig of ethylene. The autoclave was stirred at 50° for 10 minutes, then cooled and vented. The contents 
were dried under a stream of air. The yield of Isolated terpolymer was 30.7 g. The weight-average molecular 

45 weight of the polymer was 191,000 and the molecular weight distribution was 1.61. Analysis by ,3 C NMR 
spectroscopy indicated that the polymer contained 70.5 mole<Wj ethylene, 24.8 mole<W> propylene, and 4.7 
mole<¥o 1,4-hexadiene. 

EXAMPLE 34 

50 In this example, ethylene and 1-hexene were copolymerized in a hexane diluent by adding under a nitrogen 
atmosphere to a 1 L stainless-steel autoclave, previously flushed with nitrogen and containing 400 ml of dry. 
oxygen-free hexane, first 30 ml of toluene solution containing 15 mg of bis (cyclopentadienyi) hafnium dimethyl, 
then, after 5 minutes, 100 ml of alumina-filtered and deyassed 1-hexene and then 50 ml of a toluene solution 
containing 12 mg of bis(cyclopentadienyl)hafnium dimethyl and 30 mg of tri(n-butyi)ammonium tetrakislpenta- 

55 fluorophenyijboron. The autoclave was pressurized with 65 psig of ethylene, stirred and heated at 50° for 1 
hour, then cooled and vented. The contents were dried in a vacuum oven. The yield of isolated copolymer was 
54.7 g. The copolymer, which was 46 wt<Vb ethylene, had a weight-average molecular weight of 138.000 and a 
molecular weight distribution of 3.08. Analysis by ,3 C NMR spectroscopy indicated a reactivity ratio (nr2) of 
0.262. 

60 

EXAMPLE 35 

In this example, propylene was polymerized in a hexane diluent by adding under a nitrogen atmosphere to 
a 1 L stainless-steel autoclave, previously flushed with nitrogen and containing 200 ml of dry, oxygen-free 
hexane. 50 ml of a toluene solution containing 72 mg of bis(cyclopentadienyl)hafnium dimethyl and 22 mg of 
65 N.N-dimethylanilinium tetrakislpentafluorophenyOboron. Propylene (200 ml) was added and the autoclave was 
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stirred at 40' for 65 minutes. The autoclave was cooled and vented and the contents driea in javacuuraoverv 
SeS loTatactic polypropylene was 37.7 g. The weight-average mo.ecu.ar we.ght of th,s porter was 92.000 
and the molecular weight distribution was 1.54. 

^misixpe r.ment. propylene was polymerized in bulk propylene by adding under a nitrogen atmosphere to 
a 1 LSess-stee. autoclave, previously flushed with nitrogen. 50 ml of a toluene so.ut.on containing 77 mg of 
biLcyctopentadienylJhafnium dimethyl and 22 mg of N.N<limethy1ani.inium tetratastpentafluorophenyl boron^ 
JroSene K00 ml) was added and the autoclave stirred at 40« for 90 minutes. The i autodave was cooled and 
vented and the contents dried in a vacuum oven. The yield of atactic polypropylene 'sorted was 58.7 g The 
w^ght-aCerage molecular weight of this polymer was 191 .000 and the molecular we.ght d.stnbufon was 1 .60. 

Hn^SHmple. propylene was polymerized in bulk propylene by washing 72 mg of bislcyblopentadienyl) haf- 
nium dS^^ of N.N-dimethylanilinium tetrakis<pentafluorophenyt)boron mto a ILsta^ess-steel 
aX?^ pSvtousry fl Jhed with nitrogen, with 500 ml of propylene. The autodave was st.rred at 40' for 90 
SeTand a^ SO" for another 30 mfcutes. then cooled and vented. 2.3 g of atact,c polypropylene were 
isolated. 

SLe ethylene was polymerized by reacting 55 mg of blsttrimethylsilyteyclopentadienyllhafnium 
dS wTsO mgof N.N-diXani.inium «etrakis<pentaf.uoropheny. *™"*J^«£Z££ 
sScWped vial. On passing ethylene through the solution for 15 seconds, polymer formed as the . nurture 
greTho^e via, was opened andThe contents diluted with acetone, filtered, washed, and dned. The yeld of 

polyethylene was 0.26 g. 

^Sex^m ple. propylene was polymerized in bulk propylene by adding under a nit W^"™^"^ 
L sSessTeel autoclave, previous* flushed with nitrogen. 25 ml of a toluene solution cortfaming ,10 mgof 
iSE^U^h^^-n-W and 5 mg of NJ^Jg^ 

nyDboron. Propylene (500 ml) was added and the autodave st.rred ^^^^XX>^MM was 
cooled and vented and the contents dned in a vacuum oven. ^y^^^SSS^MM distribution 
78.5 g. The weight-average molecular weight of this ; polymer was 555g» and ^^^3m that the 
was 1.86. The polymer had a melting point of 139°C. Analysis by «C NMR spectroscopy inoica. 
polymer was about 95% isotactic. 

TtoseL ve. an actrve ethylene polymerization catalyst was f^SS^SS^^^ 
N.N-dimethyl anilinium ,etrakis(pentaf.uorophenyl)boron and 17 mg .^'JS^'^fof ethylene 
methylsilacyclobutane in 10 ml of toluene in a septum-capped ^^^^S^T^t^kwas 
through the solution for 30 seconds caused the solution to become hot a* L p ^ d P ^ n 'Sone. and dried in 
opened and the contents diluted with acetone, the polymer was filtered off. washed w.tn aceran 
vacuo . The yield of porymer isolated was 0.15 g. 

TSVxa mp.e. an actrve ethylene polymerization catalyst ^ 'Xefhy^ 
l-bislcydooentadienylltitana-a-dimethylsilacvclobu^ 

orophenyllboron ,n 20 ml of toluene in a serum-capped round bottomed flask ■ ™| "J* ^ ctnanol . 
ethylene was passed through it. After 5 minutes, the flask was opened and ttaeonwtt d'lut ^ 
The polymer was filtered off. washed with ethanol. and dned. The yield of polyethylene .soiare 

EXAMP LE 42 „ . h „ oMonending 29 mg of 

In this exa mple, an active ethylene polymerization catalyst was PW^J^ mg o, ,ri(n-bu- 

(pentamethyl cyclopentadienyl)(tetramethyl-eta'-cyclopentadienyl)z.rcon.um pheny. a "° bo H ttomed f , a sk. 
tyUammon.um tetrakis(pentafluorophenyl)boron in 25 ml of toluene in a se ™ m **™ e ° T ™" s the flask was 
On passing ethylene through the solution, polymer formed almost instantly. After sm ™ q d drjed . 
opened and the contents diluted with ethanol. The polymer was filtered off. washed with acetone. 
The yield of polyethylene isolated was 0.49 g. 

EX |n M th,s E exa mpie. an active ethylene polymerization catalyst was orepwed by "J*^7eiSf»^ 
bis<c y c.open.ad,en y ,,z,rcon,um,2.3-dime«h^ 

tafluoropnenyliboron .n 50 ml of toluene in a serum-capped bottle. On "^"^ ^dTe^nSnts dilu ,ed with 
warm instantly as polymer precipitated. After 5 minutes the bottle was ooened , and J e content was 
ethanol. The ooiymer (ormed was filtered off. washed with ethanol. and dried. The yield ot poiym 
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1.06 g. 

EXAMPLE 44 

— In this example, ethylene was polymerized by reacting 20 mg of 1-bis(cyclopentadienyl)hafna-3-dimethylsUa- 
5 cyclobutane and 39 mg of N,N-dimethylanilinium tetrakis(pentafluorophenyt)boron in 20 ml of toluene in a 
serum-capped round-bottomed flask. On passing ethylene through the solution, por/mer precipitated as the 
solution grew warm. After 1 minute, the flask was opened and the contents diluted with ethanol. The polymer 
was filtered off, washed with ethanol, and dried. The yield of polyethylene isolated was 0.263 g. 

W ^^n this example, ethylene was polymerized by reacting 21 mg of bis (cyciopentadienyl) hafnium (2,3-dimethyi- 
1 3-butadiene) and 41 mg of tri(n-butyl) ammonium tetrakis(pentafluorophenyl) boron in 60 ml of toluene in a 
serum-capped bottle. On passing ethylene through the solution, potymer precipitated within seconds. After 1 0 
minutes, the bottle was opened and the contents diluted with ethanol. The soiid polymer was filtered off, 

15 washed with acetone, and dried. The yield of polyethylene isolated was 0.93 g. 

EXAMPLE 46 

In this example, ethylene was polymerized by reacting 63 mg of (pentamethylcyciopentadiertyl)(tetramethyl- 
cydopentadienylmethylene)hafnium benzyl and 75 mg og N.N-dimethylaniliniufn tetrakis(pentafluorophe- 
20 nyljboron in 60 ml of toluene in a serum-capped bottle. Ethylene was passed through the solution for 10 
minutes. The bottle was opened and the contents diluted with ethanol. The potymer was filtered off, washed 
with acetone, and dried. The yield of polyethylene isolated was 0.65 g. 

While the present invention has been described and illustrated by reference to particular embodiments 
thereof it will be appreciated by those of ordinary skill in the art that the same lends itself to variations not 
25 necessarily illustrated herein. For this reason, then, reference should be made solely to the. appended claims 
for purposes of determining the true scope of the present invention. 



30 Claims 

1 . Method for preparing a catalyst comprising the steps of: 

(a) Combining, in a suitable solvent or diluent, at least one first compound consisting of a 
bis(cyciopentadienyl)metai compound containing at least one substituent capable of reacting with a 

& proton, said metal being selected from the group consisting of titanium, zirconium and hafnium and 

at least one second compound comprising a cation capable of donating a proton and an anion which 
is a single coordination complex comprising a plurality of lipophilic radicals covalentty coordinated to 
and shielding a central charge-bearing metal or metalloid atom, which anion is bulky, labile and 
capable of stabilizing the metal cation formed as a result of the reaction between the two 

40 compounds: . u # . # nn 

(b) Maintaining the contacting in step (a) for a sufficient period of time to permit tne proion 
provided by the cation of said second compound to react with said substituent contained in saia 
bts(cydopentadienyl)metaJ compound; and 

(c) Recovering an active catalyst as a direct product or as a decomposition product of one or more 
45 of said direct products from step (b). . 

2. Method according to Claim 1 wherein said bis(cyclopentadienyl)metal compound may oe 
represented by the following general formulae: 

1. (A-Cp)MXiXa 

2. a-Cp)HX l iX' 2 
50 3. (A-Cp)ML and/or 

4.<Cp # XCpG)MXi 

Wherein * i* 
M Is a metal selected from the group consisting of titanium, zirconium and hafnium: (A-Cp) * s 
<Cp)(Cp-) or Cp-A'-Cp' and Cp and Cp' are the same or different substituted or unsubstitutea 
55, cyciopentadienyt radicals : 

A' is a covalent bridging group: 

Lis an olefin, diolefin or aryne ligand: K„H«v«rtivi 
Xi and X 2 are. independently, selected from the group consisting of hydnde radicals, hydrocaroy. 
radicals, substituted-hydrocarbyl radicals, organometalloid radicals and the like; 
60 X'i and X' 2 are joined and bound to the metal atom to form a metallacycle. in which the metal atom, a i 

and X'a form a hydrocarbocyclic ring containing from about 3 to about 20 carbon atoms; and 
R is a substituent on one of the cyclopentadienyl radicals which is also bound to the metal atom. 

3. Method according to Claim 1 or Claim 2 wherein said second compound may be represented by me 
following general formula: 

65 [(L # -H)*]d((M')m*QiQ 2 ...Onl<J- 
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Wherein; 

L' is a neutral Lewis base ; 
H is a hydrogen atom; 
[L'-H] is a Bronsted acid; 

M' Is a metal or metalloid selected from the Groups subtended by Groups V-B to V-A of the Periodic Table 5 
of the Elements; ie.. groups V-B. V1-B, VII-B, VIII. I-B, ll-B, lll-A, IV-A and V-A: 

Qi to Q n are selected, independently, from the group consisting of hydride radicals, dialkylamido radicals, 
alkoxide and arytoxide radicals, hydrocarbyl and substituted-hydrocarbyl radicals and organometalloid 
radicals and any one, but not more than one. of Qi to Q n may be a halide radical - the remaining Qi to Qn 
being, independently, selected from the foregoing radicals ; 10 
m is an integer from 1 to 7; 
n is an integer from 2 to 8; and 
n-m — d. 

5) Method according to any of the preceding claims wherein said second compound may be 
represented by the general formula: 15 
[L'-H] + [BAriAr 2 X 3 X4l- 
Wherein: 

L' is a neutral Lewis base; 
H is a hydrogen atom; 

[L'-H] ♦ is a Bronsted acid ; 20 
B is boron in a valence state of 3; 

An and Ar2 are the same or different aromatic or substituted-aromatic hydrocarbon radicals which 
radicals may be linked to each other through a stable bridging group; and X3 and X 4 are, independently, 
selected from the group consisting of hydride radicals, halide radicals and hydrocarbyl and 
substituted-hydrocarbyl radicals, organometalloid radicals and the like. 25 

5. Method according to any of the preceding claims wherein the first compound is of the general 
formula 1 in Claim 2 and wherein said second compound is a trisubstituted ammonium sait of an 
unsubstituted or substituted aromatic boron compound, with said first compound being optionally a 
bis(cyclopentadienyt)metal compound containing two independently, substituted or unsubstituted 
cyclopentadienyl radicals and two lower alkyl substituents or two hydrides, the metal being preferably 30 
zirconium or hafnium. 

. 6/Method of Claim 5 wherein said second compound is a tri(n-butyi)ammonium tetra(phenyi)boron. in 
which case preferably said first compound is a bis(pentamethylcyclopentadienyl)zirconium dimethyl; or 
said second compound is N.N-dimethylanilinium tetra(phenol)boron, in which case said first compound is 
preferably a bis{1 ,3-bis(trimethylsilyi)cyclopentadienyllzirconium dimethyl. 

Method according to Claim 5 wherein said second compound is selected from the group consisting 
of tri(n-butyl)ammonium tetra(p-tolyl)boron, tri(n-butyl) ammonium tetra(o-tolyl)boron, tri(n-butyl)am- 
monium tetra(m.m-dimethyiphenyl) boron and tri(n-buty1)ammonium tetra(o,m-dimethytphenyi)boron. in 
which case preferably said first compound is a bis(pentamethylcyclopentadienyl)zirconium dimethyl; or 
wherein said second compound is selected from the group consisting of tri(n-butyi) ammonium 
tetra(p-tolyl)boron and tri(n-butyt (ammonium tetra (p-ethylphenyi) boron, in which case preferably said 
first compound is selected from the group consisting of bis(pentamethylcyciopentadienyl)zirconium 
dimethyl, and (pentamethytcyclopentadienyi) (cyclopentadienyl Jzirconium dimethyl; or wherein said 
second compound is selected from the Group consisting of tri(n-buty1)ammonium tetra(pentafluoropne- 
nyl|boronandN.N-dimethyanHinlumtetra(pentafluorophenyl)boron. 

6. Method according to any of claims 1 to 4 wherein the first compound is of the general formula t in 
Claim 2 and wherein said second compound is a trisubstituted ammonium salt of a tetra(substituted-aro- 
matic)boron compound, preferably N.N-dimethylanilinium tetra(pentafluorophenyi) boron, in which case 
preferably said first compound is selected from the group consisting of 1 -bis(<^clopentadienyinitan - 
3-dimethylsilacyclobutane. 1 -bts(cyclopentadienyl)zircona-3-dimethyisilacyclobutane and -oistcy- 
clopentadienyl)hafna-3-dimethylsilacyclobutane. la 3 in 

9. Method according to any of claims 1 to 4 wherein the first compound is of the general formula o 
Claim 2 and wherein said second compound is a trisubstituted ammonium salt of a tetra(substitu itei a-ar - 
matiOboron compound, preferably tri(n-butyi) ammonium tetra(pentafluorophenyl) boron, in whicn ca 
preferably said first compound is selected from the group consisting of bis(cyclopentadienyi)zi 
nium(2.3-dimethyM.3-butadienel and bis(cyclopentadienyl)hafnium(2.3-dimethyl-1,3-butadiene). 

10. Method according to any of claims 1 to 4 wherein the first compound is of the general formula 
Claim 2 and wherein said second compound is a trisubstituted ammonium salt of a tetra(substituted-ar - 
maticjboron compound, said first compound being preferably selected from the group consisting 
(pentamethytcycio pentadienyl)(tetramethyicyclopentadienylmethylene)zirconium phenyl and (pen - 
methylcyclopentadienyl)(tetramethy1cyclopentadienytmethytene|hafnium benzyl in which case sai 
second compound is preferably tri(n-butyl)ammonium tetra(pentafiuorophenyl|boron or a N.N-dtmetnyi - 
nilinium tetrafphenyljboron compound. 

11. Method for polymerizing an a-olefin. diolefin and/or an acetylenically unsaturated monomer 
containing from 2 to about 18 caroon atoms and/or an acetylenically unsaturated compound containing 
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from 2 to about 18 carbon atoms either alone or in combination with each other or with other monomers 
comprising the steps of: 

(a) contacting an olefin, diolefin and/or an acetylenicaity unsaturated compound containing from 2 
to about 18 carbon atoms either alone or in combination with each other or with other monomers in a 
suitable carrier, solvent or diluent with a catalyst prepared previously or in situ during polymerization 
by a method according to any of the preceding claims: 

(b) continuing the contacting of step (a) for a sufficient period of time to polymerize at least a 
portion of the monomer or monomers; 

(c) recovering a polymer product. 
\jL Catalyst prepared by a method according to any of claims 1 to 10. 



3) A polymer comprising a monomer selected from the group consisting of a -olefins, diolefins. 



acetytenically unsaturated monomers and mixtures there prepared with a cataiyst according to Claim 12. 

14. Composition of matter containing an organometailic compound having the following general 
structural formula: 



wherein: 

Cp* is a peralkyl-substituted cyclopentadienyl radical wherein each of said aJkyi substitutions may be the 
same or a different C1-C20 alkyl radical; 
B is boron; 
Zris zirconium: 

Ph' is a phenyl or aikyl-substituted phenyl radical and each of the 3 Ph's may be the same or different and 
the alkyl substitutions may be C1 -C 1 4 ; and 

R Is hydrogen or an alkyl grouD having from 1 to about 14 carbon atoms. 
15. Composition of matter according to Claim 14 having the following general structural formula: 





B(Ph' ) 3 



R 



B(C 6 H 5 ) 3 




wherein Cp* is 



a (pentam ethyl cyclopentadienyl) radical; 



B(p-tolyl ) 3 




CH 3 



wherein Cp* is a (pentamethytcyclopentadienyl) radical: 



20 



0 277 004 
B[p-CH3CH2(C6H5>)3 

(Cp*)2Z^ 




CH3CH2 *o 
wherein Cp* is a (pentamethyicyclopentadienyt) radical: or 




15 



B(p-tolyl) 3 

(Cp*) 2 ZrV ( )\ *> 
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wherein Cp* is a iethyUetramethylcyclopentadienyl) radical. fol | OW ina 
16. As a composition of matter, an organometallic compound represented by one of the following 

general formulae: 

1. {[{A-Cp)MXi]|dl(M / )m^Q l Q 2 „.Qn]d- 

2. j[(A-Cp)MXiL']jd[(M')ni + QiQ2...Q n ]d- 

Wherein: . . 

M is a metal selected from the Group consisting of titanium^ z.rcomum. and hafnium substituted or 

(A-Cp) is either (Cp)(Cp-) or Cp-A'-Cp" and Cp and Cp- are the same or different substituted 
unsubstituted cyclopentadienyl radicals: 
*V^^W«***« o. **» radica.s. hydrocarby, radica.s: substi.uted-hydrocar- 
by! radicals, organometalloid radicals and the like: 

L' is a neutral Lewis base : W1 A f the p er j 0 dic jn 

M' is a metal or metalloid selected from the Groups encompassed by Groups V-B to Vl-A of the Per oo 40 
Table of the Elements : ie.. Groups V-B. VI-8. Vll-B. VIII. I-B. II-8. Hl-A IV-A. and V-A. radjca|s 
Q, to Qn are selected, indeoenaently. from the Group cons.st.ng of hydride radicals. dl ^^^ttlloid 
a.koxide and aryloxide radica.s. hydrocarbyl and ^^^^ tSSjoS 
radicals and any one. but not more than one. of the Q , to Qn may be a hal.de radical - the rema.n.ng 
Qn being, indeoendently. selected from the foregoing radicals: 
m is an integer from 1 to 7: 
n is an integer from 2 to 8: ana 

^"^composition of matter of Claim 16 wherein said anion may be represented by the following 
general formula: 
[BAriAr 2 X 3 X4l- 
Wherein: 

Bis boron in a valence state of 3: . ft/ ^ rhon radicals which 

An and Ar 2 are the same or different aromatic or substituted-aromatic hydrocarbon .aa 
radicals may be linked to eacn other through a stable bridging group: and ra dicals. and 

X 3 and X* are. .ndeoenoenttv selected Irom the group cons.sting of hydride radicals, hanoe 
hyarocarbyl and subst.tuteo-nydrocarDyl radicals, organometalloid radicals, and the i.Ke ( of ^ 

18 The comoos.t.on ol matier of Claim 17 where.n sa.d anion .s chosen from the group co 
unsubst.tutea letralaromaiiciooron anions and substituted tetra(aromat.c)boron an.ons. ^ 
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